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(54) Synthetic power transmission fluids having enhanced performance capabilities 



(57) A power transmission fluid conposilion which 
has. on a weight basis, an oil-soluble boron content of 
0.001 to 0.1%, an oil-soluble phosphorus content of 
0.005 to 0.2% and an oil-soluble metal content as metal- 
containing additive of no more than about 1 00 ppm and 
which comprises the following components: 



malic viscosity at 100'C of at least 5.0x10'® m^/s 
(5.0 cSt) after 20 hours in the Volkswagen taper 
roller bearing shear stability test. 



a) at least about 70 w1% based on the total weight 
of the composition of an hydrogenated poly-a-olefin 
oligomer fluid having a kinematic viscosity of 2x10' 
® to 6x10'® m^/s (2 to 6 cSt) at lOO^C; 

b) on an active ingredient basis. 2 to 20 wt% based 
on the total waght of the composition of an acrylic 
viscosity index improver which is in the form of a 
solution with an inert solvent; 

c) 4 to 25 wt% based on the total weight of the com- 
position of an oil-soluble dialkyl ester of a C4 to C14 

а, ciKjicarboxylic add having a pour point of -45°C 
or lower; 

d) a dispersant amount of an oil-soluble ashless dis- 
persant; 

e) a friction modifying amount an oil-soluble friction 
modifier: and 

f) an oil-soluble inhibitor selected from foam inhibi- 
tors, copper corrosion inhibitors, rust inhibitors and 
oxidation inhibitors; 

with the proviso that the power transmission fluid 
composition has (i) a kinematic viscosity of at least 

б. 8x10-® m^/s (6.8 cSt) at 100°C, (ii) a Brookfield 
viscosity of 15 Pas (15,000 cP) or less at -40'C, (Hi) 
a kinematic viscosity at 100°C of at least 6.0x10'® 
m®/s (6.0 cSt) after 4 hours in the Volkswagen taper 
roller bearing shear stability test, and (iv) a Idne- 
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Description 
TECHNICAL FIELD 

5 This invention relates to oil-based power transmission fluid compositions, especially automatic transmission fluids, 

of enhanced performance capabililies. 

BACKGROUND 

10 The continuing development of new power transmission equipment gives rise to demands for new automatic trans- 
mission fluids capable of meeting inaeasingly severe performance requirements sought by the original equipment man- 
ufacturers and marketers of power transmission fluids. Among significant improvements in this regard are the ashless 
or low-ash synthetic base compositions described in U.S. Pat. Nos. 5,089,1 56 and 5,360,562 to D. R. Chrisope and R. 
J. Hartley. Those compositions, which utilize among other things mixtures of certain high and low viscosity hydrogen- 

15 ated poly-a-olefin oligomers and little or no high molecular weight viscosity index improvers, have excellent high and 
low temperature viscosity properties and excellent shear stability. Nevertheless, further progress in the field requires 
compositions which not only possess these properties, but which in addition exhibit superior seal performance and 
superior friction properties. 

2C SUMMARY OF THE INVENTION 

It has been found possible to fulfill the foregoing need while at the same time providing automatic transmission fluids 
that are advantageous from the environmental and economic standpoints. Pursuant to this invention fluids are provided 
which have little or no content of metals, and the small amount of metal if present is typically an innocuous metal such 

25 as calcium. At the same time it has been found possible to achieve substantial improvements in seal and friction per- 
formance through use of a synthetic base oil of relatively low viscosity provided such base such is suitably combined 
with particular additive components hereinafter described. 

In accordance with this invention there is provided a power transmission fluid (ATF) composition wherein the com- 
position has on a weight basis an oil-soluble boron content of about 0.001 to about 0.1%. an oil-soluble phosphorus 

30 content of about 0.005 to about 0.2%, and either no metal additive content or an oil-soluble metal content as one or 
more metal-containing additives of no more than about 100 ppm; wherein said composition comprises the following 
components: 

a) at least about 70 wt% based on the total weight of said composition of one or more hydrogenated poly-a-olefin 

35 oligomer fluids, this component having a viscosity in the range of about 2 to about 6 cSt at lOO'C; 

b) on an active ingredient basis, about 2 to about 20 wt% based on the total weight of said composition of an acrylic 

viscosity index improver in the form of a solution in an inert solvent; 

c) about 4 to about 25 wt% based on the total weight of said composition of at least one oil-soluble dialkyl ester of 

a C4 to Ci4 a,oHJicarboxylic acid having a pour point of -45’C or lower; 

40 d) a dispersant amount of at least one oil-soluble ashless dispersant; 

e) a friction modifying amount of at least one oil-soluble fricticn modifier; and 

f) oil-soluble inhibitors selected from the group consisting of foam inhibitors, copper corrosion inhibitors, rust inhib- 
itors, artd oxidation inhibitors. 

45 In addition, the components refened to above are selected and combined such that finished composition has (i) a kin- 
ematic viscosity of at least 6.8 cSt at lOO^C, (ii) a Brookfield viscosrty of 15,000 cP or less at -40'’C, (iii) a kinematic 
viscosity at 100'C of at least 6.0 cSt after 4 hours in the Volkswagen taper roller bearing shear stability test, and (iv) a 
kinematic viscosity at 100°C of at least 5.0 cSt after 20 hours in the Volkswagen taper roller bearing shear stability test. 

50 BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1 through 6 are plots of data obtained on subjecting tv/o different ATF compositions of this invention to the 
3T40 band clutch friction test procedure of General Motors Corporation. 

55 FURTHER DESCRIPTION OF THE INVENTION 



Although the fluid compositions of this invention contain on a weight basis from none to no more than about 100 
ppm (parts per million) of metals, these compositions do contain one or more components containing boron or phos- 
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phorus or a combination of boron and phosphorus, which elements of course are not classified as metals. Likewise 
small amounts of silicon in the form of silicone foam inhibitor may be, and preferably are. present in the compositions. 

Among the features of this invention is the discovery that the type of hydrogenated poly-a-olef in oligomer fluid used 
can have a profound influence on the seal performance of the finished automatic transmission fluid. In panicular. hydro- 
5 genated poly-a-olefin oligomer fluids having 100'C kinematic viscosities of 8. 10. 40 and 100 cSt tend to cause seal 
shrinking, especially in the case of ethylene-acryfic seal material and silicone seal material, in sharp contrast, the hydro- 
genated poly-a-olefin oligomer fluids used in the practice of this invention - viz., one or more hydrogenated poly-a-olefin 
oligomer fluids as a fluid having a 100“C kinematic viscosity in the range of about 2 to about 6 cSt - do not exert this 
deleterious effect. In fact, use of these less viscous hydrogenated poly-a-olefin oligomer fluids makes it possible to pro- 
To vide finished automatic fluid compositions which can pass all of the seal tests set forth in the current DEXRON® III spec- 
ifications of General Motors Corporation and all of the seal tests set forth in the current MERCON® specifications of 
Ford Motor Company, which compositions constitute preferred embodiments of this invention. The DEXRON® III spec- 
ifications of General Motors Corporation referred to herein are as published in GM-6297M. dated April 1993. and the 
MERCON® specifications of Ford Motor Company referred to herein are as revised in February 1993. 

15 Moreover, this invention makes possible the provision of power transmission fluid compositions having an excellent 
combination of properties including excellent low temperature and high temperature viscosity properties, high shear sta- 
bility. excellent thermal and oxidative stability, excellent friction properties, highly effective antiwear and extreme pres- 
sure properties, and good additive compatibility. This is made possible in part because of the ben^icial mutual co-action 
among the principal components used in formulating the compositions of this invention. For example, the unification of 
20 the herein-described components a), b) and c) in the proportions set forth above makes it possible to achieve the vitally 
important high and low temperature viscosity properties, the shear stability properties, and the seal compatibility prop- 
erties. The other components contribute to other advantageous properties, and at the same time do not materially 
detract from the excellent overall performance capabilities of the compositions. 

It is important to note that prior general purpose lubricant compositions, crankcase lubricant compositions, gear 
25 lubricant compositions, metal working fluid compositions, cutting oil fluid compositions, slideway lubricant compositions, 
manual transmission fluid compositions, transformer oil compositions, hydraulic fluids, etc., cannot be used in the prac- 
tice of this invention. The performance parameters which must be achieved and that have been achieved pursuant to 
this invention cannot be realized by any such compositions that have been designed, used or suggested for use for such 
other purposes. The present invention involves highly specialized automatic transmission fluid compositions, an area 
30 which is generally regarded in the art as constituting perhaps the most complex area of technology in the entire field of 
lubrication and power transmission fluids. The compositions of this invention are thus of greatest utility and are espe- 
cially adapted for use as automatic transmission fluids, induding use with the new generations of automatic transmis- 
sions equipped with elecfronically controlled torque converter clutches capable of operating in a continuous slip mode. 
The conpositions of this invention can also be used as hydraulic fluids, although all of the excellent performance capa- 
35 bilities of the present compositions are unnecessary for such usage. 

Preferably, the ashless dispersant used in the compositions of this invention is a phosphorus-containing dispersant, 
and more preferably, a boron- and phosphorus-containing dispersant. In one embodiment the entire phosphorus and 
boron content of the finished fluid is supplied by a boron- and phosphorus-containing dispersant, such as a boron- and 
phosphorus-containing succinimide dispersant, a boron- and phosphorus-containing Mannich base dispersant, or the 
w like. In another embodiment the entire boron content of the finished fluid is supplied by a boron- and phosphorus-con- 
taining dspersant whereas the phosphorus content is supplied in part by the boron- and phosphorus-containing disper- 
sant and in part by a non-dispersant metal-free oil-soluble nitrogen- and phosphorus-containing antiwear/extreme 
pressure agent such as an amine phosphate, or the like. In this latter embodiment it is especially preferred to proportion 
these components such that a major amount of the phosphorus content in the finished fluid is supplied by the dispersant 
45 and a minor amount is supplied by the non-dispersarrt antiwear/extreme pressure agent. 

The finished compositions preferably contain a combination of all of the inhibitors referred to above. Thus the pre- 
ferred compositions contain at least one foam inhibitor, at least one copper corrosion inhibitor, at least one rust inhibitor, 
and at least one oxidation inhibitor. Each such inhibitor type, whether comprised of one or more individual component 
materials of that type, is present in an amount that is at least sufficient to provide the functional performance for which 
so it has been selected. Thus in accordance with this preferred embodiment, the finished fluid will contain a foam-inhibiting 
amount of one or more foam inhibitors, a copper corrosion-inhibiting amount of one or more copper corrosion inhibitors, 
a rust-inhibiting amount of one or more rust inhibitors, and an oxidation-inhibiting amount of one or more oxidation inhib- 
itors. In selecting these components it is important to ensure that the components are mutually compatible wifri each 
other, and that none of them significantly detracts from or interferes with the performance capabilities of the overall fin- 
55 ished fluid composition. 

In this connection, while other inhibitor components can be used, preferred compositions are those in which the oil- 
soluble inhibitors include at least one thiadiazole such as a 2-mercapto-5-alkyldithio-1.3.5-thiadiazole or 2.5- 
bis(alkyldithio)-1 .3,5-thiadiazoie, at least one ring-alkylated diphenylamine. at least one sterically-hindered tertiary butyl 
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phenol, at least one calcium suHurized alkylphenate, at least one alkyloxypropylamine, at least one aliphatic monocar- 
boxylic acid, at least one alkyl glycol nonionic surfactant, and silicone foam inhibitor. 

Still another feature of this invention is the discovery that the compositions of this invention should be devoid of sul- 
f urized esters and sulfurized olefinic compounds. Elimination of such commonly used materials has been found to mate- 
s rially increase the thermal and oxidative stability of the overall composition. In a preferred embodiment of this invention, 
the only sulfur-containing additive components present are (i) 100 PPOi or less (preferably 50 ppm or less) of alkaline 
earth metal such as calcium added as an alkaline earth metal sulfurized alkylphenate or alkaline earth metal alkylben- 
zene sulfonate, and/or (ii) athiadiazole copper corrosion inhibitor, such as an oil-soluble 2-mercapto-5-a!kyldithio-1 ,3,5- 
thiadiazole and/or an oil-soluble 2,5-bis(alkyldithio)-1 ,3,5-thiadiazcle. To illustrate the foregoing, an ATF fluid composi- 
te tion of this invention containing both (i) and (ii) but devoid of any sulfurized ester or sulfurized olefinic compound not 
only will give passing results in the standard THOT test but will yield almost pristine transmission parts at the end of the 
test. 

The compositions of this invention preferably include as friction modifier at least one N-aliphatic hydrocaibyl-sub- 
stituted diethanol amine in which the N-aliphatic hydrocarbyl-substituent is at least one straight chain aliphatic hydro- 
T5 carbyl group free of acetylenic unsaturation and having in the range of 14 to 20 carbon atoms. Other preferred friction 
modifiers which can be used include at least one N-aliphatic hydrocarbyl-substituted trimethylenediamine in which the 
N-aliphatic hydrocarbyl group is at least one straight chain aliphatic hydrocarbyl group free of acetylenic unsaturation 
and having in the range of about 14 to about 20 carbon atoms, or al least one hydroxyalkyl aliphatic imidazoline in which 
the hydroxyalkyl group contains from 2 to about 4 carbon atoms, and in which the aliphatic group is an acyclic hydro- 
so carbyl group containing from about 10 to about 25 carbon atoms. 

These and other embodiments and features of this invention will become still further apparent from the ensuing 
description and appended claims. 

Component at 

25 

As noted above, a major amount of the oleaginous liquids of this invention is compounded from one or more hydro- 
genated poly-aolefin oligomer fluids. Such fluids are formed by oligomerization of 1-alkene hydrocarbon having 6 to 20 
and preferably 8 to 16 carbon atoms in the molecule and hydrogenation of the resultant oligomer. Hydrogenated oligom- 
ers formed from 1 -decene are particularly preferred. Commercially available products are usually composed of mixtures 
30 of individual oligomer species such as for example dimer, trimer and tetramer species. It is to be understood that the 
term "oligomer* does not place a limitation on the actual number of monomer units in the molecule, other than to distin- 
guish the material from a higher polymer oil such as polyisobutene oils, 

In general however the hydrogenated poly-a-olefin oligomer fluids in the viscosrty range of 2 to 6 cSt at 100'C will 
usually not contain on a weight basis more than minor amounts (i.e.. less than 50 wt%), if any, of species above hex- 
35 amer. 

Component a) whether a single species or a mixture of oligomeric species has a viscosity at 1 0O'C in the range of 
about 2 to about 6 cSt. Thus commercially available hydrogenated poly-a-olefin oligomer fluids sold as 40 cSt or 100 
cSt hydrogenated poly-a-olefin oligomer fluid mixtures are not used in the practice of this invention. 

Most preferably component a) is composed of either (i) a single hydrogenated poly-a-olefin oligomer fluid or (ii) a 
40 mixture of at least two different hydrogenated poly-a-olefin oligomer fluids, wherein the single fluid of (i) or the resultant 
mixture of (ii) has a kinematic viscosity at 100^'C in the range of about 4 to about 6 cSl, and better yet. a kinematic vis- 
cosity at 100°C in the range of about 4.5 to about 5.5 cSt. 

Methods for the production of such liquid oligomeric 1 -alkene hydrocarbons are known and reported in the litera- 
ture. See for example U. S. Pat. Nos. 3,763.244; 3,780,128; 4,172,855; 4,218,330; and 4,950.822. Additionally, hydro- 
45 genated 1-alkene oligomers of this type and of suitable viscosity grades are available as articles of commerce, for 
example, under the DURASYN trademark from Albemarle Corporation. Suitable 1-alkene oligomers are also available 
from other suppliers. 

Tabulated below are data concerning typical composition and properties of products of this type made from 1 - 
decene. In these tabulations the typical compositions are expressed in terms of normalized area percentages by GC 
50 and "n.d." means "not determined". 

2 Centistoke Dolv-a-olefin nil- 

Composition - Monomer 0.4, Dimer 90.7, Trimer 8.3, Tetramer 0.6. 

55 PEOR.e.rties • Viscosity at 1 0O^’C: l .80 cSt; Viscosity at 40“C: 5.54 cSt: Viscosity at -1 8'C: n.d.; Viscosity at -40»C: 
306 cSt; Pour point: -63'C; Flash point (ASTM D 92): 165'C; NOACK volatility: 99%. 
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4 Cerrtistoke Dolv-a-olefin oil : 

Comoosttion • Trimer 82.7. Tetramer 14.6, Perrtamer 2.7. 

Properties • Viscosity at 100'C: 4.06 cSl; Viscosity at 40“C: 17.4 cSt; Viscosity at -18*C; n.d.; Viscosity at -40=C: 
s 2490 cSt: Pour point; <-65°C; Flash point (ASTM D 92); 224“C; NOACK volatility; 12.9%. 

6 Centistoke Dolv-a-oletin oil : 

Composition • Trimer 32.0. Tetramer 43.4, Pentamer 21.6. Hexamer 3.0. 

10 Properties - Viscosity at 100°C: 5.91 cSt; Viscosity at 40'C: 31.4 cSt; Viscosity at -18*C: n.d.; Viscosity at -40’C; 
7877 cSt: Pour point: -63’C; Flash point (ASTM D 92): 235"C; NOACK volatility: 7.5%. ' 

75/25 Blend of 2 Centistoke and 4 Centistoke Dolv-a-olefin oils : 

IS Composition • Monomer 0.3, Dimer 66.8, Trimer 27.3. Tetramer 4.8, Pentamer 0.8. 

Eiacgfties - viscosity at 100°C; 2.t9 cSt; Viscosity at 40’’C: 7.05 cSt; Viscosity at -18'C: 84.4 cSt; Viscosity at - 
40'C; 464 cSt: Pour point; <-65“C; Flash point (ASTM D 92): 166’C; NOACK volatility: 78.2%. 

50/50 Blend of 2_Centistoke and 4 C entistoke poiv-g-olefin oils : 

20 

Composition - Monomer 0.2, Dimer 44.7, Trimer 45.9. Tetramer 7.6, Pentamer 1.3, Hexamer 0.3. 

Properties • Viscosity at 1 00°C: 2.59 cSt; Viscosity at 40X; 9.36 cSt; Viscosity at -18=C; 133 cSt: Viscosity at -40=C; 
792 cSt; Pour point <-65’’C; Flash point (ASTM D 92): 168'C; NOACK volatility: 57.4%. 

25 25175 Blend of 2 Centistoke and 4 Centistoke potv-g-olefin oils : 

Composition - Monomer 0.1 . Dimer 23.1 , Trimer 62.7, Tetramer 1 1 .5. Pentamer 2.1 . Hexamer 0.5. 

Properties - Viscosity at 100“C: 3.23 cSt; Viscosity at 40“C: 12.6 cSt; Viscosity at -18°C; 214cSt; Viscosity at -40“C; 
1410 cSt: Pour point: <-65<>C: Flash point (ASTM D 92): 190«C: NOACK volatility: 30.8%. 

30 

95/05 Blend of 4 Centistoke and 6 Centistoke oolv-a-olelir. oils : 

Composition - Dimer 0.5, Trimer 78.4, Tetramer 15.6, Pentamer 3.7. Hexamer 1 .8. 

Properties - Viscosity at 100°C; 4.15 cSt; Viscosity at40“C: 17.9 cSt; Viscosity at -18°C: n.d.; Viscosity at -40'C: 
35 2760 cSt; Pour point; <-65°C: Flash point (ASTM D 92); 225°C: NOACK volatility; 1 0.5%. 

9Q/10 piepti Qf 4 CgntistQke gnd 6 CenfetPhe P0lY:,ft-0l,efinQils: 

Composition - Dimer 0.3. Trimer 76.0. Tetramer 17.0, Pentamer 4.7, Hexamer 2.0. 

40 Properties - Viscosity at 100*C: 4.23 cSt; Viscosity at 40“C: 18.4 cSt; Viscosity at -18*C: n.d.; Viscosity at '40*C; 
2980 cSt: Pour point <-65'C; Flash point (ASTM D 92): 228“C; NOACK volatility; 1 1.4%. 

80/20 Blend of 4 Centistoke and 6 Centistoke oolv-a-olefin oils: 

45 Composition - Dimer 0.3, Trimer 71.5, Tetramer 19.4, Pentamer 6.5, Hexamer 2.3. 

Properties • Viscosity at 100‘C: 4.39 cSt; Viscosity at 40'C: 19.9 cSt; Viscosity at -18'C: n.d.; Viscosity at -40=C: 
3240 cSt; Pour point; <-65'C; Flash point (ASTM D 92): 227"C; NOACK volatility: 9.2%. 

75/25 Blend of 4 Centistoke and 6 Centistoke oolva-olefinoils : 

so 

Composition • Dimer 0.7. Trimer 69.0, Tetramer 21.0, Pentamer 7.3, Hexamer 2.0. 

Properties - Viscosity at 100”C:4.39 cSt; Viscosity at 40'C: 20.1 cSt; Viscosity at -18“C: 436 cSt; Viscosity at -40'C; 
3380 cSt; Pour point: <-65'C; Flash point (ASTM D 92): 226'C; NOACK volatility: 14.2%. 

55 SO/50 Blend of 4 Centistoke and 6 Centistoke Polv-a-ole(in oils : 

Composition - Dimer 0.4, Trimer 57.3, Tetramer 27.4, Pentamer 1 1 .8, Hexamer 3.1 . 

Properties - Viscosity at 1 0O'C; 4.82 cSt; Viscosity at 40'C: 23.0 cSt; Viscosity at -1 8°C: 544 cSt; Viscosity at -40'C: 
4490 cSt; Pour point <-65'C; Flash point (ASTM D 92): 225'C; NOACK volatility; 12.5%. 
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25/75 Blend of 4 Centistoke and 6 Centistoke polv-o.-olefin oils : 

Composition - Dimer 0.3, Trimer 45.3, Tetramer 33.4, Pentamer 16.4, Hexamer 4.6. 

Properties - Viscosity at 100“C: 6.38 cSt: Viscosity at 40'C: 26.8 cSt; Viscosity at -l S'C: 690 cSt; Viscosity at -40'C: 
5 6020 cSt; Pour point; <-65°C; Flash point (ASTM D 92): 250=C; NOACK volatility: 9.2%. 

Hydrogenated oligomers of this type contain little, if any. residual ethylenic unsaturation. Preferred oligomers are 
formed by use of a Friedel-Crafts catalyst (especially boron trifluoiide promoted with water or a C1.20 alkanol) followed 
by catalytic hydrogenation of the oligomer so formed using procedures such as are described in the foregoing U.S. pat- 
ents. 

10 Other catalyst systems which can be used to form oligomers of 1-alkene hydrocarbons, which, on hydrogenation, 
provide suitable oleaginous liquids include Ziegler catalysts such as ethyl aluminum sesquichloride with titanium tetra- 
chloride, aluminum alkyl catalysts, chromium oxide catalysts on silica or alumina supports and a system in which a 
boron trifluoride catalyst oligomerization is followed by treatment with an organic peroxide. 

15 gpmpon^ntb) 

This component is an acrylic viscosity index improver which issupplied in the form of an solution in an inert solvent, 
typically a mineral oil solvent, which usually is a severely refined mineral oil. The viscosity index improver solution as 
received often will have a boiling point above 200'C. and a specific gravity of less than 1 at 25'C. In addition, it has 
20 sufficient shear stability such that the finished composition has a kinematic viscosity at 1 0O'C of at least 6.0 cSt after 4 
hours in the Volkswagen taper roller bearing shear stability test, and a kinematic viscosity at 100‘C of at least 5.0 cSt 
after 20 hours in the Volkswagen taper roller bearing shear stability test. Preferably, the acrylic viscosity index improver 
has sufficient shear stability to enable the finished composition to possess a viscosity of at least 6.8 cSt at 1 00=C after 
40 cycles in the FISST (Fuel Injector Shear Stability Test) of ASTM D-5275, formerly known as the ASTM D-3945b 
25 method. On an active ingredient basis (i.e., excluding the weight of inert diluent or solvent associated with the viscosity 
index improver as supplied), the finished fluid compositions of this invention will normally contain in the range of about 
2 to about 20 wt% of the polymeric viscosity index improver. Small departures from this range may be resorted to as 
necessary or desirable in any given situation. 

Suitable proprietary materials for use as component b) are available from ROhm GmbH (Darmstadt. Germany) 
30 under the trade designations: VISCOPLEX® 5543, VISCOPLEX® 5548, VISCOPLEX® 5549, VISCOPLEX® 5550, 
VISCOPLEX® 5551 and VISCOPLEX® 5151, and from Rohm 8 Haas Company (Philadelphia, Pennsylvania) under 
the trade designations ACRYLOID® 1277 and ACRYLOID® 1265E. Mixtures of the foregoing products can also be 
used. It is possible that other manufacturers may also have viscosity index improvers having the requisite performance 
properties required for use as component b). Details concerning the chemical composition and methods for the manu- 
35 facture of such products are maintained as trade secrets by manufacturers of such products. 

Preferably, the acrylic viscosity index will be provided as a hydrocarbon solution having a polymer content in the 
range of from about 50 to about 75 wt% and a nitrogen content in the range of about 0.15 to about 0.25 wt%. Such 
products preferably exhibit a permanent shear stability index (a PSSI value) using ASTM test method D-3945a of no 
higher than about 35, preferably 30 or less, and most preferably 15 or less. 

40 

Component cl 

This component serves in a number of capacities. Besides being a minor but important component of the base oil 
itself, component c) functions as a seal swell agent and as a solubilizing/compatibilizing agent, and thus plays irrportant 
45 roles in the compositions of this invention. As noted above, component c) is one or more oil-soluble dialkyl esters of a 
C4 to Ci4 (preferably Cs to C^o) o,ci3-dicarboxylic acid having a pour point of -45'’C or lower, and preferably a pour point 
of -55°C or lower. Examples of such materials include diisodecyl glutarate, diisododecyl glutarate. diisooctyl adipate. 
di(2-ethylhexyl) adipate, diisononyl adipate, diisodecyl adipate, di(tridecyl) adipate, di(2-ethylhexyl) sebacate, diisooctyl 
sebacate, dioctyl azelate, diisooctyl azelate, di(2-ethylhexyl) azelate, diisooctyl dodecanedioate, and mixtures thereof. 
so Generally speaking, the most suitable diesters include the adipates, azelates, and sebacates of Cg-Cis alkanols (or mix- 
tures thereof). Mixtures of two or more different types of diesters (e.g., dialkyl adipates and dialkyl azelates, etc.) can 
also be used. Most preferred are the oil-soluble dialkyl esters of adipic acid having a pour point of -55’C or lower. 

As noted above, component c) is normally present at a concentration in the range of about 4 to about 25 wt% based 
on the total weight of the finished power transmission fluid composition. Generally speaking, the higher the molecular 
55 weight of the ester, the higher should be the treat rate within the foregoing range. Small departures from this range may 
be made whenever deemed necessary or desirable. 
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Component d) 

The ashless dispersant can be of various types including succimmides. succinamides, succinic esters, succinic 
ester-amides, Mannich products, long chain hydrocarbyl amines, polyol esters, or the like. Of these, the succinimides 
s are preferred for use in the practice of this invention. 

Methods for the production of the foregoing types of ashless dispersants are known to those skilled in the art and 
are reported in the patent literature. For example, the synthesis of various ashless dispersants of the foregoing types is 
described in such patents as U.S. 2,459,112; 2,962,442; 2,984,550; 3,036.003: 3,163.603; 3.166.516: 3,172,892; 
3,184,474; 3.202,678: 3.215.707; 3.216.936; 3,219,666; 3.236.770; 3,254.025; 3,271,310; 3.272.746; 3,275.554; 

ro 3.281.357; 3,306.908; 3,311.558; 3,316,177; 3,331.776; 3,340,281; 3.341.542; 3,346.493; 3,351.552; 3,355,270; 

3.368.972; 3,381.022; 3,399,141; 3,413,347; 3,415,750; 3.433.744; 3.438.757; 3.442.808; 3.444.170: 3.448,047; 

3,448.048; 3,448,049; 3,451.933: 3.454.497; 3.454.555: 3.454.607; 3,459.661; 3,461,172; 3,467,668; 3,493,520; 

3,501.405; 3,522.179: 3,539,633; 3,541.012; 3,542,680; 3.543.678; 3,558,743; 3,565,804; 3,567.637; 3,574.101; 

3.576.743: 3,586,629; 3,591.598; 3,600,372; 3,630.904; 3.632.510; 3,632,511; 3,634.515; 3,649.229; 3.697,428; 

15 3,697.574; 3,703.536; 3,704,308; 3,725,277; 3,725,441; 3,725,480; 3,726.882; 3,736,357; 3,751,365; 3.756,953; 

3.793.202; 3,798,165; 3,798,247; 3,803.039; 3,804,763; 3.836.471; 3,862,981; 3,936.480; 3,948,800; 3,950.341; 

3.957.854; 3,957,855; 3,980.569; 3,991,098; 4,071 .548; 4,173,540; 4.234.435; 5,137,980 and Re 26,433. 

As used herein the term "ashiess dispersant' means that the dispersant does not contain any metal constituent. As 
made clear above, the dispersant may contain boron, and preferably contains phosphorus, and most preferably contains 
20 both boron and phosphorus, elements which of course are not metals. Thus the term "ashiess dispersant" encom- 
passes dispersants which contain either or both of boron and phosphorus, even though such dispersant when thermally 
decomposed may leave some residues containing boron or phosphorus, or both. 

The preferred ashiess dispersants are one of more alkenyl succinimides of an amine having at least one primary 
amino group capable of forming an imide group. The alkenyl succinimides may be formed by conventional methods such 
2S as by heating an alkenyl succinic anhydride, acid, acid-ester, acid halide, or lower alkyl ester with an amine containing 
at least one primary amino group. The alkenyl succinic anhydride may be made readily by heating a mixture of polyolefin 
and maleic anhydride to about 180®-220°C. The polyolefin is preferably a polymer or copolymer of a lower monoolefin 
such as ethylene, propylene, isobutene and the like, having a number average molecular weight in the range of about 
700 to about 2100 as determined by gel permeation chromatography (GPC). The more preferred source of alkenyl 
30 group is from polyisobutene having a GPC molecular weight in the range of about 800 to about 1800. In a still more 
preferred embodiment the alkenyl group is a polyisobutenyl group derived from polyisobutene having a GPC number 
average molecular weight of about 800-1350, and most praferably in the range of about 900-1 100. 

Mannich base dispersants are also a highly useful type of ashiess dispersant for use in the practice of this invention. 

Amines which may be employed in forming the ashiess dispersant include any that have at least one primary amino 
35 group which can react to form an imide group and at least one additional primary or secondary amino group and/or at 
least one hydroxyl group. A few representative examples are: N-methyl-propanediamine, N-dodecyf- propanediamine. 
N-aminopropyl-piperazine, ethanolamine, N-ethanol- ethylanediamine and the like. 

Preferred amines are the alkylene polyamines, such as propylene diamine, dipropylene triamine, di-(l.2-buty' 
lene)triamine, and tetra-(l,2-propylene)pentamine. 

40 The most preferred amines are the ethylene polyaminss which can be depicted by the formula 
H2N(CH2CH2NH)nH 

wherein n is an integer from one to about ten. These include; ethylene diamine, diethylene triamine. triethylene 
45 tetramine, tetraethylene pentamine, pentaethylene hexamine, and the like, including mixtures thereof in which case n is 
the average value of the mixture. These depicted ethylene polyamines have a primary amine group at each end so can 
form mono-alkenylsucdnimides and bis-alkenylsucdnimides. Commercially available ethylene polyamine mixtures usu- 
ally contain minor amounts of branched species and cyclic species such as N-aminoelhyl piperazine, N,N'-bis(aminoe- 
thyl)piperazine, N,N‘-bis(piperazinyl)ethane. and like compounds. The preferred commercial mixtures have approximate 
50 overall corrpositions falling in the range corresponding to diethylene triamine to tetraethylene pentamine. mixtures gen- 
erally conesponding in overall makeup to tetraethylene pentamine being most preferred. 

Especially preferred ashiess dispersants for use in the present invention are the products of reaction of a polyeth- 
ylene polyamine, e.g. triethylene tetramine or tetraethylene pentamine. with a hydrocarbon substituted carboxylic acid 
or anhydride made by reaction of a polyolefin, preferably poly isobutene, of suitable molecular weight with an unsatu- 
55 rated polycarboxylic acid or anhydride, e.g., maleic anhydride, maleic acid, fumaric acid, or the like, including mixtures 
of two or more such substances. 

When the ashiess dispersant contains phosphorus, it serves as a multipurpose conponent in that it an anti- 
wear/extreme pressure agent as well as a dispersant Accordingly, when a phosphorus-containing or boron- and phos- 
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phorus-containing dispersant is used it can supply all or a portion oi the requisite phosphorus content of the finished 
fluid composition. 

Methods suitable for introducing phosphorus or boron or a combination of phosphorus and boron into ashless dis- 
persants are known and reported in the patent literature. One may refer, for example, to such U.S. patents as 3.087.936; 

5 3.184.411: 3.185.645; 3.235.497; 3,254.025. 3.265,618; 3,281.428; 3,282.955; 3,284,410; 3.324.032; 3.338.832; 

3,344.069; 3.403,102; 3.428.561; 3,502,677; 3.511,780; 3,513,093; 3,533,945; 3.623,985; 3,718.663; 3.865.740; 

3,945,933; 3.950,341; 3.991.056; 4,093,614; 4,097.389; 4,428.849; 4,338.205; 4,428,849; 4.554.086; 4.615.826; 

4,634.543; 4.648,980; 4.747.971. and 4.857,214. The procedures that are described in U.S. 4.857.214 are especially 
preferred for use in forming component e) of the compositions of this invention. 

70 Accordingly, one preferred group of phosphorus- and/or boron-containing ashless dispersants corrprises aliphatic 
hydrocarbyl-substituted succinirnkJe of a mixture of cyclic and acyclic polyethylene polyamines having an approximate 
average overall composition falling in the range of from diethylene triamine through pentaethylene hexamine, said suc- 
cinimide being heated \«ith (1) at least one phosphorylating agent to form a phosphorus-containing sucdnimide ashless 
dispersant: or (2) at least one boronating agent to form a boron-containing sucdnimide ashless dispersant; or (3) either 
js concurrently or in any sequence with at least one phosphorylating agent and at least one boronating agent to form a 
phosphorus- and boron-containing sucdnimide ashless dispersant Particularly preferred ashless dispersants for use 
as component e) are aliphatic hydrocarbyl-substituted succinimides of the type desaibed above which have been 
heated concurrently or in any sequence with a boron compound such as a boron acid, boron ester, boron oxide, or the 
like (preferably boric acid) and one or more inorganic phosphorus compounds such as an acid or anhydride (preferably 
sc phosphorous acid, H3PO3) or a partial or total sulfur analog thereof to form an oil-soluble product containing both boron 
and phosphorus. The use of the partial or total sulfur analogs is less preferred. 

The amount of ashless dispersant on an "as received basis ' (i.e., including the weight of impurities, diluents and 
solvents typically associated therewith) is generally within the range of about 1 to about 15 wt%, typically within the 
range of about 1 to about 10 wt%, preferably within the range of about 1 to about 6 wt%, and most preferably within the 
ss range of about 2 to about 5 wt%. 

Component el 

The compositions of this invention contain one or more friction modifiers. These include such compounds as 
30 aliphatic amines or ethoxylated aliphatic amines, aliphatic fatty acid amides, aliphatic carboxylic acids, aliphatic carbox- 
ylic esters, aliphatic carboxylic ester-amides, aliphatic phosphonates, aliphatic phosphates, aliphatic thiophosphonates, 
aliphatic thiophosphates, etc., wherein the aliphatic group usually contains above about eight carbon atoms so as to 
render the corrpound suitably oil soluble. /Mso suitable are aliphatic substituted succinimides formed by reacting one or 
more aliphatic succinic adds or anhydrides with ammonia. 

35 One preferred group of friction modifiers is comprised of the N-aliphatic hydrocarbyl-substituted diethanol amines 
in which the N-aliphatic hydrocarbyl-substituent is at least one straight chain aliphatic hydrocarbyl group free of acety- 
lenic unsaturation and having in the range of about 14 to about 20 carbon atoms. 

A particularly preferred friction modifier system is composed of a combination of at least one N-afiphatic hydrocar- 
byl-substituted diethanol amine and at least one N-aliphatic hydrocarbyl-substituted Irlmethylene diamine in which the 
40 N-aliphatic hydrocarbyl-substituent is at least one straight chain aliphatic hydrocarbyl group free of acetylenic unsatu- 
ration and having in the range of about 14 to about 20 carbon atoms. Further details concerning this friction modifier 
system are set forth in U.S. Pat. Nos. 5.372,735 and 5,441 ,656 (both by Ohtani et al.). 

Another particularly preferred friction modifier system is based on the combination of (i) at least one di(hydroxyalkyl) 
aliphatic tertiary amine in which the hydroxyalkyl groups, being the same or different, each contain from 2 to about 4 
4S caibon atoms, and in which the aliphatic group is an acyclic hydrocarbyl group containing from about 10 to about 25 
carbon atoms, and (ii) at least one hydroxyalkyl aliphatic imidazoline in which the hydroxyalkyl group contains from 2 to 
about 4 carbon atoms, and in which the aliphatic group is an acyclic hydrocarbyl group containing from about 1 0 to about 
25 carbon atoms. For further details concerning this friction modifier system, reference should be had to U.S. Pat. No. 
5,344.579. 

£0 Generally speaking, the compositions of this invention will contain up to about 1.25 wl%, and preferably from about 
0.05 to about 1 wt% of one or more friction modifiers. 

Component f) 

55 This component will normally comprise a plurality of inhibitor components serving different functions. The inhibitors 
may be introduced in a preformed additive package which may contain in addition one or more other confponenls used 
in the compositions of this invention. Alternatively these inhibitor components can be introduced individually or in various 
sub-combinations. While amounts can be varied within reasonable limits, the finished fluids of this invention will typically 
have a total inhibitor content in the range of about 0.2 to about 2 wt% and preferably about 0.5 to about 1 wt%, both on 
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an "active ingredient’ -• i.e.. excluding the weight of inert materials such as solvents or diluents that may be associated 
therewith. 

Foam inhibitors form one type inhibitor suitable for use as inhibitor components in the compositions of this invention. 
These include silicones, polyacrylates, surfactants, and the like. One suitable acrylic defoamer material is PC-1244 
s (Monsanto Company). 

Copper corrosion inhibitors constitute another class of additives suitable for inclusion in the compositions of this 
invention. Such compounds include thiazoles, triazoles and thiadiazoles. Examples of such compounds include benzo- 
triazole. tolyltriazole. octyltriazole. decyltriazole. dodecyltriazole. 2-mercapto benzothiazole. 2.5-dimercapto-1.3.4-thia- 
diazole. 2-mercapto-5-hydrocarbylthio-1,3,4-thiadiazoles, 2-mercapto-5-hydrocarbyldithio-1.3.4- thiadiazoles. 2,5- 
JO bis(hydrocarbylthio)-1,3,4-thiadia20les, and2.5-bis{hydrocarbyldithio)-l,3,4-thiadia20tes. The preferred compounds are 
the 1,3,4-thiadiazoles, a number of vrhich are available as articles of commerce, and also corr^inations of triazoles such 
as tolyltriazole with a 1 .3,5-lhiadiazole such as a 2,5-bis(a[<yldithio)-1 ,3.4-thiadiazole or 2-alkyldi1hio-5-mercapto-1 ,3,4- 
thiadiazole. Materials of these types that are available on Ihe open market include Cobratec TT-100 and HiTEC® 4313 
additive (Ethyl Petroleum Additives. Inc.). The 1,3.4-thiadiazoles are generally synthesized from hydrazine and carbon 
IS disulfide by known procedures. See, for example. U.S. Pat. Nos. 2.765,289; 2.749.311; 2,760.933; 2.850.453; 
2.910.439; 3,663.561; 3.862.798; and 3.840,549. 

Rust or corrosion inhibitors comprise another type cf inhibitor additive for use in this invention. Such materials 
include monocarboxylic acids and polycarboxylic acids. Examples of suitable monocarboxylic acids are octanoic acid, 
decanoic add and dodecanoic acid. Suitable polycartxjxylic acids include dimer and trimer acids such as are produced 
20 from such acids as tall oil fatty acids, oleic add. linoleic acid, or the like. Products of this type are currently available from 
various commercial sources, such as. for example, the dimer and trimer acids sold under the HYSTRENE trademark by 
the Humko Chemical Division of Witco Chemical Corporation and under the EMPOL trademark by Henkel Corporation. 
Another useful type of rust inhibitor for use in the practice of this invention is comprised of the alkenyl succinic acid and 
alkenyl sucdnic anhydride corrosion inhibitors such as. fa example, tetrapropenylsuccinic acid, tetrapropenylsuccinic 
25 anhydride, tetradecenylsuccinic acid, tetradecenylsuccinic anhydride, hexadecenylsuccinic acid, hexadecenylsuccinic 
anhydride, and the like. Also useful are the half esters of akenyl succinic acids having 8 to 24 carbon atoms in the alke- 
nyl group vxHh alcohols such as the polyglycols. Other suitable rust or corrosion inhibitors include ether amines; acid 
phosphates: amines; polyethoxylated compounds such as ethoxylated amines, ethoxylated phenols, and ethoxylated 
alcohols; imidazolines: aminosuccinic acids or derivatives thereof, and the like. Materials of these types are available 
30 as articles of commerce. Mixtures of such rust or corrosion inhibitors can be used. 

Oxidation inhibitors constitute still another group of inhibitors which are preferably included in the compositions of 
this invention. These materials are exemplified by the phenolic antioxidants, aromatic amine antioxidants, sulfurized 
phenolic antioxidants, and organic phosphites, among others. Examples of phenolic antioxidants include 2.6-di-ter1- 
butylphenol, liquid mixtures of tertiary butylated phenols. 2,6-di-tert-butyl-4-methylphenol, 4,4'- methylenebis(2.6-di- 
35 tert-butylphenol), 2,2*-methylenebis(4-methyl- 6-terl-butylphenol). mixed methylene-bridged polyalkyl phenols, arri 4,4’- 
thiobis(2-methyl-6-tert-butylphenol). N.N'-di-sec-butyl-p- phenylenediamine, 4-isopropylaminodiphenyl amine, phenyl- 
a-naphthyl amine, phenyl-p-naphthyl amine, and ring-alkylated diphenylamines serve as examples of aromatic amine 
antioxidants. Most preferred are the sterically hindered tertiary butylated phenols, the ring alkylated diphenylamines and 
combinations thereof. 

40 The amounts of the inhibitor components used will depend to some extent upon the composition of the component 
and its effectiveness wrhen used in the finished composition. However, generally speaking, the finished fluid will typically 
contain the following concentrations (weight percent) of the inhibitor components (active ingredient basis): 



45 



Inhibitor 


Tyoical Range 


Preferred Range 


Foam inhibitor 


0 to 0.1 


0.01 to 0.08 


Copper corrosion inhibitor 


Oto 1.5 


0.01 to 1 


Rust inhibitor 


0 to 0.5 


0.01 to 0.3 


Oxidation inhibitor 


Oto 1 


0.1 to 0.6 
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Other Components 

Very small amounts of certain metal-containing detergents such as calcium sulfurized phenates and calcium alkyl- 
benzene sulfonate can also be used. However, as noted above, if an oil-soluble phenate or sulfonate is used it should 
5 be proportioned such that the finished fluid contains no more than about 100 ppm of metal, and preferably no more than 
about 50 ppm of metal. The sulfurized phenates are preferably neutral salts containing a stoichiometric amount of cal- 
cium, and in any event should have a total base number (TBN) of not more than about 200 mg KOH/gram. 

In another preferred embodiment, the finished fluid will contain only two sulfur-containing additive components, 
namely, (i) one or more oil-soluble calcium sulfurized alkylphenales and (ii) one or more oil-soluble 1 ,3.5-thiadiazole 
10 copper corrosion inhibitors such as a 2,5-bis(alkyldithio)-1 ,3,5-thiadiazole. In other words, these preferred compositions 
are devoid of conventional sulfur-containing antiwear additives such as sulfurized olefins (sulfurized isobutylene, etc), 
dihydrocatbyl polysutiides, sulfurized fatty acids, and sulfurized fatty acid esters. 

When the phosphorus content of the finished fluid is not completely supplied by use of a phosphorus-containing 
ashless dispersant (or a boron- and phosphorus-containing ashless dispersant), the remainder of the phosphorus con- 
15 tent is preferably supplied by inclusion in the composition of one or more phosphorus-containing esters or acid-esters 
such as oil-soluble organic phosphites, oil-soluble organic acid phosphites, oil-soluble organic phosphates, oil-soluble 
organic acid phosphates, oil-soluble phosphoramidates, and oil-soluble phosphetanes. Examples include trihydrocarbyl 
phosphates, trihydrocarbyl phosphites, dihydrocarbyl phosphates, dihydrocarbyl phosphonates or dihydrocarbyl phos- 
phites or mixtures thereof, monohydrocarbyl phosphates, monohydrocarbyl phosphites, and mixtures of any two or 

20 more of the foregoing. Oil-soluble amine salts of organic acid phosphates are a preferred category of auxiliary phos- 
phorus-containing additives for use in the fluids of this invention. Sulfur-containing analogs of any of the foregoing com- 
pounds can also be used, but are less preferred. Most preferred as a commercially-available auxiliary phosphorus 
additive is an amine phosphate antiwear/extreme pressure agent available from Ciba-Geigy Corporation as Irgalube 
349. 

2 1 Thus, in one of its embodiments, this invention provides compositions which contain a phosphorus-containing ash- 
less dispersant such as a sucdnimide, a boron-containing ashless dispersant such as a succinimide, and/or a phos- 
phorus- and boron-containing ashless dispersant such as a succinimide, together with at least one phosphorus- 
containing substance selected from (1) one or more inorganic acids of phosphorus; or (2) one or more inorganic thio- 
acids of phosphorus; or (3) one or more monohydrocarbyl esters of one or more inorganic acids of phosphorus; or (4) 

30 one or more monohydrocarbyl esters of one or more inorganic thioacids of phosphorus: or (5) any combination of any 
two. or any three or all four of (1). (2), (3). and (4); or at least one oil-soluble amine salt or complex or adduct of any of 
(1), (2), (3). (4), and (5), said amine optionally being in whole or in part an amine moiety in (i) a basic nitrogen- containing 
ashless dispersant such as a succinimide or (ii) a boron- and basic nitrogen-containing ashless dispersant such as a 
succinimide or (iii) a phosphorus- and basic nitrogen-containing ashless dispersant such as a succinimide or fiv) a phos- 
35 phorus-, boron- and basic nitrogen-containing ashless dispersant such as a succinimide. 

The boron content of the compositions of this invention is preferably supplied by use of a boron-containing ashless 
dispersant or a boron- and phosphorus-containing ashless dispersant). When the boron content of the finished fluid is 
not completely supplied in this manner, the remainder of the boron content is preferably supplied by inclusion in the 
composition of one or more oil-soluble boron esters such as a glycol borate or glycol biborate. 

Although not necessary, supplemental seal swell agents may be used. These include sulfone materials such as 
described in U.S. PaL Nos. 3,974,081 and 4,029.587. Lubrizol 730 additive (The Lubrizol Corporation) is understood to 
be a commercially-available sulfone type seal swell agent. The phthalates of C4-C13 alkanols (or mbrtures thereof) are 
also potential supplemental seal swell additives. Other materials that may be considered for use include polyol esters 
such as Emery 2935, 2936. and 2939 esters from the Emery Group of Henkel Corporation and Hatcol 2352, 2962. 2925, 
45 2938, 2939, 2970, 3178, and 4322 polyol esters from Hatco Corporation. 

Dyes, pour point depressants, air release agents, and the like also be included in the compositions of this inven- 
tion. 

In selecting any of the foregoing additives, it is important to ensure that each selected component is soluble in the 
fluid composition, is compatible with the other components of the composition, and does not interfere significantly with 
so the requisite viscosity or shear stability properties of the overall finished fluid composition. 

The individual components employed can be separately blended into the base fluid or can be blended therein in 
various subcombinations, if desired. Ordinarily, the particular sequence of such blending steps is not critical. Moreover, 
such components can be blended in the form of separate solutions in a diluent. It is preferable, however, to blend the 
additive components used in the form of an additive concentrate, as this simplifies the blending operations, reduces the 
55 likelihood of blending errors, and takes advantage of the compatibility and solubility characteristics afforded by the over- 
all concentrate. 

Additive concentrates can thus be formulated to contain all of the additive components and if desired, some of the 
base oil component a) and/or c), in amounts proportioned to yield finished fluid blends consistent with the concentra- 
tions described above. In most cases, the additive concentrate will contain one or nxire diluents such as light mineral 
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oils, to facilitate handling and blending of the concentrate. Thus concentrates containing up to about 50% by weight of 
one or more diluents or solvents can be used, provided the solvents are not present in amounts that interfere with the 
low and high temperature and flash point characteristics and the performance of the finished power transmission fluid 
composition. In this connection, the additive components utilized pursuant to this invention should be selected and pro- 
5 portioned such that an additive concentrate or package formulated from such components will have a flash point of 

170‘’C or above, and preferably a flash point of at least 180'C, using the ASTM D-92 test procedure. 

It is deemed possible, but not desirable, to utilize blends of components a) and b) with one or more other base oils 
having suitable viscosities, provided that the resultant blend contains a maja proportion of the combination of compo- 
nents a), b). and c). and in addition possesses the requisite compatibility, viscosity properties, shear stability, and per- 
10 formance criteria (e.g.. friction retention and durability, wear resistance, oxidation resistance and seal compatibility) for 
use in accordance with this invention. 

Illustrative of such potentially useable auxiliary base dis and fluids of lubricating viscosity are hydrotreated mineral 
oils preferably in the range of about 55N to about ICON, and more preferably in the range of about SON to about SON. 
and most preferably the hydrotreated oils should be substantially wax-free. Likewise certain dewaxed highly paraffinic 
15 mineral oils having the requisite viscosity parameters and produced by processing other than hydrotreatment may be 

used in small amounts as auxiliary base oils. Synthetic Kters such as mixed Cg and Cn dialkylphthaiates (e.g.. ICl 

Emkarate 91 1 P ester oil), trimethylol propane trioleate. di-(isotridecyl)adipate (e.g., BASF Glissofluid A13), pentaeryth- 
ritol tetraheptanoafe and equivalent synthetic base oils may be found suitable. However in all cases the overall base oil 
must contain at least about 70 wt% (and most preferably at least about 75 wt%) of component a). 

20 The practice and advantages of this invention are illustrated by the following illustrative examples in which all values 
are percentages by weight on an "as received basis". In these Examples Component a) is composed of mixtures made 
from at least two of DURASYN 162 ("2 cSf); DURASYN 164 ("4 cSf); and DURASYN 166 ("6 cSf) poly-a-olefin oils 
(Albemarle Corporation) proportioned such that the mixture of the selected oils has a kinematic viscosity in the range 
of 2 to 6 cSt at 100°C. Component b) is either Viscoplex 5549 ("5549") or Viscoplex 5151 ("5151'). Component c) is 
25 diisooctyl adipate ("DlOA") which has a nominal pour point of approximately -68'C. Component d) is a boronated and 
phosphorylated preWend composition prepared substantially as described in Example 1A of U.S. Pat. No. 4,857.214, 
and the Silicone fluid is a 4% solution of poly(dimethylsiloxane) in light oil. 

EXAMPLES 1-10 
30 

Automatic transmission fluids are formed by blending together the components in the proportions as specified in 
Tables 1 and 2. 
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Table i 



Components 


Ex. 1 


Ex. 2 


Ex . 3 


Ex. 4 


Ex. 5 


Component a) - 2 cSt 


500 


5.00 


-■ 


3.00 


2,00 


Component a) - 4 cSt 


2568 


25.68 


31.18 


25.68 


28.68 


Component a) - 6 cSt 


44.96 


44.73 


44.96 


44.96 


44.91 


Component b) - 5549 


5.50 


5.50 


5.00 


5.50 


5.50 


Component b) • 5151 






” 






Component c) - DIO A 


1400 


1400 


14.00 


16.00 


14.00 


Component d) 


3.77 


4.00 


3.77 


3.77 


3.77 


EthomeenT-12 


0.10 


0 10 


0.12 


0.10 


0 12 


Unamine 0 




-- 


•• 


" 


001 


Naugalube 438L 


0.30 


0.26 


0,26 


0.30 


0.30 


HiTEC® 4735 


0.20 


0.20 


0.20 


0.20 


0.20 


HiTEC®314 


0.04 


0.04 


0.04 


0.04 


0.04 


PC-1244 


0.03 


0.03 


0.03 


0.03 


0.03 


Silicone fluid 


002 


002 


0.02 


0.02 


0,02 


OLOA216C 


0.05 


0.04 


0.05 


0.05 


0.05 


Mazawet 77 


0,05 


0.04 


0.05 


0.05 


0.05 


Tomah PA14 


005 


005 


0.05 


0.05 


0.05 


Octanoic acid 


0.05 


0.05 


0.05 


0.05 


0.05 


Red Dye 


0.02 


002 


002 


0.02 


0.02 


Diluent oil - 45N 


0.18 


0.24 


0.20 


0.18 


0.20 
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Table 2 



Components 


Ex 6 


Ex 7 


Ex 8 


Ex. 9 


Ex. 10 


Component a) - 2 cSt 




3.00 


3.00 






Component a) • 4 cSI 


31.18 


25.00 


25.00 


29.00 


29.00 


Component a) - 6 cSt 


44.96 


43.96 


43.91 


43.96 


43 505 


Component b) ■ 5549 


5.00 




■■ 


-• 




Component b) • 5151 




8 18 


8 18 


7 18 


7.18 


Component c) - DlOA 


14.00 


15.00 


15.00 


15.00 


15.00 


Component d) 


3.77 


3.77 


3 77 


3 77 


4.00 


Ethomeen T-12 


0.10 


0.12 


0.12 


0 12 


0.10 


Duomeen 0 


0.005 








0.005 


Unamine 0 


0.01 




0 01 




001 


Naugalube 438L 


0.26 


0.26 


0.26 


026 


0.30 


HiTEC® 4735 


0.20 


0.20 


020 


020 


0.25 


HiTEC®314 


0.04 


0.04 


0.04 


004 


0.05 


Irgalube 349 






0 04 




005 


PC-1244 


0.03 


0.03 


0,03 


0.03 


0.02 


Silicone fluid 


0.02 


0.02 


0.02 


0.02 


0.02 


OLOA216C 


0.04 


0.05 


0.04 


0.05 


0.04 


Mazawet 77 


0.05 


0.05 


0.04 


0.05 


0.05 


Tomah PA14 


0.05 


0.05 


0.05 


0.05 


0.05 


Octanoic add 


0.05 


0,05 


0.05 


0.05 


0.05 


Red Dye 


0.02 


0.02 


0.02 


0.02 


0.02 


Diluent oil - 45N 


0.215 


0.20 


0.22 


0.20 


0.30 



AO Although each of the above compositions has not been evaluated, all experimental results obtained to date indicate 
that the compositions of the foregoing examples will possess (i) a kinematic viscosity of at least 6.8 cSt at lOO'C. (ii) a 
Brookfield viscosity of 15,000 cP or less at -40'C, (iii) a kinematic viscosity at 100°C of at least 6.0 cSt after 4 hours in 
the Volkswagen taper roller bearing shear stability test, and (iv) a kinematic viscosity at 100’C of at least 5.0 cSt after 
20 hours in the Volkswagen taper roller bearing shear stability test. In addition, evaluations to date indicate that the com- 
AB positions possess an excellent combination of performance properties deemed necessary to satisfy the requirements 
for a premium grade automatic transmission fluid. 

For example, Figs. 1-3 are plots of friction properties of a an ATF of this invention as determined by use of the Stand- 
ard 3T40 Band Friction Test of General Motors Corporation. Fig. 1 shows the engagement times in seconds as meas- 
ured throughout the lest. It will be seen that not only did these engagement times remain within the prescribed 
so specification limits of 0.35 second minimum and 0.55 second maximum, but in addition the values were on the low side 
of this range. This is very desirable as it translates into higher mid-point dynamic torque as is shown by the results plot- 
ted in Fig. 2 which remained within the prescribed specification limits of 185 to 230 Newton-meters (Nm). The end 
torque values also expressed in Newton-meters shown in Rg. 3 likewise are very desirable as they remained well above 
the prescribed minirmim specification value of 170 Nm throughout the test. The corresponding results shown in Rgs. 4- 
ss 6 obtained with another fluid of this invention show the same excellent friction performance in the same test procedure. 

The excellent seal compatibility performance made possible from the practice of this invention is illustrated by the 
data set forth in Tables 3-6. Tables 3 and 4 show the performance of two fluids of this invention in the current Dexron® 
III test procedure. Their performance in the Mercon® test procedure is shown in Tables 5 and 6. In all cases passing 
results were achieved. 
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Table 3 



Seal Material 


Property 


Results 


Test Limits 


Polyacrylic (A) 


Volume, % 


+6.32 (Pass) 


+5 to +12 




Hardness, Pts 


-1 (Pass) 


-8 to +1 


Nitrile (B) 


Volume, % 


+2.15 (Pass) 


+1 to +6 




Hardness, Pts 


+1 (Pass) 


-3 to+€ 


Polyacrylic (C) 


Volume, % 


+4.14 (Pass) 


+2 to +7 




Hardness, Pts 


0 (Pass) 


-4 to -i4 


Fluoroelastomer (H) 


Volume, % 


+4.02 (Pass) 


+0.5 to +5 




Hardness, Pis 


-2 (Pass) 


-5 to +6 


Silicorte (J) 


Volume, % 


+27.43 (Pass) 


+23 to +45 




Hardness, Pts 


-18 (Pass) 


-30 to -13 


Ethylene-acrylic (R) 


Volume, % 


+14.95 (Pass) 


+13 to +27 




Hardness, Pts 


-11 (Pass) 


-1710-7 



Seal Material 


Property 


Results 


Test Limits 


Polyacrylic (A) 


Volume, % 


+6.74 (Pass) 


+5 to +12 




Hardness, Pts 


•3 (Pass) 


-8 to +1 


Nitrile (B) 


Volume. % 


+1.38 (Pass) 


+1 to -+6 




Hardness, Pts 


0 (Pass) 


-3 to +6 


Polyacrylic (C) 


Volume, % 


+4.71 (Pass) 


+2 to +7 




Hardness. Pis 


■1 (Pass) 


-4 to +4 


Ruoroelastomer (H) 


Volume, % 


+3.68 (Pass) 


+0.5 to +5 




Hardness, Pts 


•3 (Pass) 


-5 to +6 


Silicone (J) 


Volume, % 


+24.2 (Pass) 


+23 to +45 




Hardness, Pts 


-16 (Pass) 


-30 to -13 


Ethytene-acrylic (R) 


Volume, % 


+14.4 (Pass) 


+13 to +27 




Hardness, Pts 


•9 (Pass) 


-1710 -7 



so 
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Table 5 



Seal Material 


Property 


Results 


Test Limits 


ATRR-100 (Nitrile) 


Volume. % 


+2.94 (Pass) 


+1 to +6 




Hardness, Pts 


+3 (Pass) 


-5 to +5 


ATRR-200 (Polyacrylate) 


Volume, % 


+5.35 (Pass) 


+3 to +8 




Hardness, Pts 


+2 (Pass) 


-5 to +5 


ATRR-300 (Silicone) 


Reversion 


No Reversion 


No Reversion 


ATRR-400 (Fluoroeiastomer) 


Volume. % 


+3.28 


No Limits Report Only 




Hardness, Pts 


0 




ATRR-500 (Ethyiene-aaylic) 


Volume, % 


+11.15 


No Limits Report Only 




Hardness, Pts 


-4 
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Tables 



Seal Material 


Property 


Results 


Test Limits 


ATRR-100 (Nitrile) 


Volume. % 


+2.36 (Pass) 


+1 to +6 




Hardness, Pts 


0 (Pass) 


-5 to-^5 


ATRR-200 (Polyaaylate) 


Volume. % 


+5.60 (Pass) 


+3 to +8 




Hardness. Pts 


-2 (Pass) 


-5to-t-5 


ATRR-300 (Silicone) 


Reversion 


No Reversion 


No Reversion 


ATRR-400 (Fluoroeiastomer) 


Volume, % 


+2.86 


No Limits Report Only 




Hardness, Fts 


0 




ATRR-500 (Ethylene-acrylic) 


Volume, % 


+9.93 


No Limits Report Only 




Hardness, Pts 


-5 





40 

Table 7 summarizes the excellent shear stability of a Iluid of this invention when subjected to three different test 
procedures. The fluid subjected to these tests had a kinematic viscosity at 100'C of 7.49 and a Brookfield viscosity of 
5640 at -40'C. The results shown in Table 7 are kinematic viscosities at 100°C. The Taper Roller Bearing Shear Test 
results met the Mercedes-Benz requirements of 6.0 cSt after 4 hours and 5.0 cSt after 20 hours of shearing. 

45 



Table 7 



Test Procedure 


Results 


% Shear 


F2G Shear Test, 20h, cSt 


6.36 


15.1 


ASTM D-3945b (FISST). 20 cycles. cSt 


6.68 


10.8 


Taper Roller Bearing Shear Test 4h, cSt 


6.40 


14.6 


Taper Roller Bearing Shear Test 8h, cSt 


6.03 


19.5 


Taper Roller Bearing Shear Test, 20h, cSt 


5.67 


24.3 
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As used herein the term "oil-soluble” means that the substance under discussion should be sufficiently soluble at 
20’'C in the particular power transmission fluid composition being formulated pursuant to this Invention base oil to reach 
at least the minimum concentration required to enable the substance to serve its intended function. Preferably the sub- 
stance will have a substantially greater solubility in the fluid composition than this. However, the substance need not 
5 dissolve in the fluid composition in all proportions. 

Each and every U.S. patent document referred to hereinabove is incorporated herein by reference as if fully set forth 
herein. 

It will be readily apparent that this invention is susceptible to considerable modification in its practice. Accordingly, 
this invention is not intended to be limited by the specific exemplifications presented hereinabove. Rather, what is 
to intended to be covered is within the spirit and scc^e of the appended claims. 

Claims 

1 . A power transmission fluid composition which has. on a weight basis, an oil-soluble boron content of 0.001 to 0.1%, 
15 an oil-soluble phosphorus content of 0.005 to 0.2% and an oil-soluble metal content as metal-containing additive 

of no rrrore than about 100 ppm and which comprises the following components: 

a) at least about 70 wt% based on the total weight of the composition of an hydrogenated poly-a-olefin oligomer 
fluid having a kinematic viscosity of 2x10’® to 6x10’® nf/s (2 to 6 cSt) at lOO^C; 

20 b) on an active ingredient basis, 2 to 20 wt% based on the total weight of the composition of an acrylic viscosity 

index improver which is in the form of a solution with an inert solvent; 

c) 4 to 25 wt% based on the total weight of the composition of an oil-soiiiJle dialkyl ester of a C4 to Cu a,m- 
dicarboxylic acid having a pour point of -45°C or lower; 

d) a dispersant amount of an oil-soluble ashless dispersant; 

25 e) a friction modifying amount an oil-soluble friction modifier; and 

f) an oil-soluble inhibitor selected from foam inhibitors, cooper corrosion inhibitors, rust inhibitors and oxidation 
inhibitors; 

with the proviso that the power transmission fluid composition has (i) a kinematic viscosity of at least 6.8x10'® 
m^/s (6.8 cSt) at lOO'C, (11) a Brookfield viscosity of 15 Pas (15,000 cP) or less at -40-C, (iii) a kinematic vis- 
30 cosity at 100=C of at least 6.0x10'® m^/s (6.0 cSt) after 4 hours in the Volkswagen taper roller bearing shear 

stability test, and (iv) a kinematic viscosity at 100°C of at least 5.0x10’® m^/s (5.0 cSt) after 20 hours in the 
Volkswagen taper roller bearing shear stability test. 

2. The composition of claim 1 which is devoid of any sulfurized ester and of any sulfurized olefinic compound. 

35 

3. The composition of claim 1 or 2 wherein the ashless dispersant d) is a phosphorus-containing dispersant. 

4. The composition of any one of claims 1 to 3 wherein the ashless dispersant d) is a phosphorus-containing disper- 
sant and the composition further comprises a non-dispersant metal-free oil-soluble nitrogen- and phosphorus-con- 

<0 taining antiwear/extreme pressure agent, the phosphorus content of the composition being provided by the 
phosphorus-containing dispersant and the antiwear/extreme pressure agent. 

5. The composition of any one of claims 1 to 4 wherein the ashless dispersant d) is a boron- and phosphorus-contain- 
ing dispersant. 

45 

6. The composition of claim 5 wherein the ashless dispersant d) is a boron- and phosphorus-containing succinimide 
dispersant. 

7. The composition of claim 6 wherein the boron- and phosphorus-containing succinimide dispersant is formed by a 
so process which comprises heating a succinimide ashless dispersant concurrently or in any sequence with one or 

more inorganic phosphorus compounds and with one or more boron compounds to a temperature at which an 
essentially solids-free composition is formed. 

8. The composition of claim 7 wherein the boron- and phosphorus-containing succinimide dispersant is formed by a 
55 process which comprises heating an alkenyl succinimide dispersant in which the alkenyl group is derived from a 

polyolefin having a GPC number average molecular weight of 700 to 2100. 
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9. The composition of claim 8 wherein the boron- and phosphorus-containing succinimide dispersant is formed by a 
process which comprises heating a polyisobutenyl succinimide dispersant in which the alkenyl group is derived from 
polyisobutene having a GPC number average molecular weight of 800 to 1350. 

5 1 0. The composition of claim 9 wherein the boron- and phosphorus-containing succinimide dispersant is formed by a 

process which comprises heating a polyisobutenyl succinimide dispersant in which the alkenyl group is derived from 
polyisobutene having a GPC number average molecular weight of 900 to 1 1 00 concurrently or in any sequence with 
phosphorous acid. H3PO3. and with boric acid in the presence of water to a temperature at which an essentially 
solids-free corrposition is formed and then stripping off water from the essentially solids-free composition. 

to 

11. The composition of any one of claims 1 to 10 wherein component f) comprises (i) 0.1 to 1.0 vrt% of a 1,3.5-thiadi- 
azole copper corrosion inhibitor and (ii) 0.01 to 0.1 '*r% of a calcium sulfurized alkylphenate. (0 and (ii) being the 
only sulfur-containing additive components in the composition. 

ts 12. The composition of any one of claims 1 to 1 1 wherein component c) is a dialkyl ester of adipic acid. 

1 3. The composition of claim 12 wherein the dialkyl ester consists essentially of diisooctyl adipate. 

14. The conposition of any one of claims 1 to 13 wherein the hydrogenated poly-a-olefin oligomer fluid a) consists 

20 essentially of a mixture of a poly-a-olefin lubricating fluid with a viscosity of about 4x1 O'® m^/s {4 cSt) at 1 00=C and 

a poly-a-olefin lubricating fluid with a viscosity of about 6x1 O'® m^/s (6 cSl) at 100“C. 

15. The composition of any one of claims 1 to 14 wherein the ashless dispersant d) is a boron- and phosphorus-con- 
taining dispersant which provides all of the boron content of the composition and wherein component 0 comprises 

25 (i) 0.1 to 1.0 wt% of a thiadiazole copper corrosion inhibitor and (ii) 0.01 to 0.1 wf% of a calcium sulfurized alkyl- 

phenate. (i) and (ii) being the only sulfur-containing additive components in the composition. 

1 6. The composition of any one of claims 1 to 15 wherein the ashless dispersant is a boron- and phosphorus-containing 
dispersant and wherein component f) comprises a foam inhibitor, a copper corrosion inhibitor, a rust inhibitor and 

30 an oxidation inhibitor. 

1 7. The composition of any one of claims 1 to 1 6 which is devoid of any poly-a-olefin lubricating fluid comprising more 
than a minor amount by weight of species above hexamer. wherein the ashless dispersant d) is a boron- and phos- 
phorus-containing dispersant. and wherein component f) comprises (I) a 2-mercapto-5-alkyldithio-l.3.5-thiadiazole 

35 or 2.5-bis(alkyldithio)-1.3.5-thiadiazole. (ii) a ring-alkylated diphenylamine, (iiO a sterically-hindered tertiary butyl 
phenol, (iv) a calcium sulfurized alkylphenate. (v) an alkyloxypropylamine. (vi) an aliphatic monocarboxylic acid, (vii) 
an alkyl glycol nonionic surfactant and (vilQ a silicone foam inhibitor. 

18. The composition of any one of claims 1 to 17 wherein the friction modifier e) comprises an N-aliphatic hydrocarbyl- 

40 substituted diethanol amine in which the N-aliphatic hydrocarbyl -substituent is a straight chain aliphatic hydrocarbyl 

group free of acetylenic unsaturation and having 1 4 to 20 carbon atoms. 

1 9. An automatic transmission fluid composition which has on a weight basis, an oil-soluble boron content of 0.001 to 
0.1%. an oil-soluble phosphorus content of 0.005 to 0. 2%, and an oil-soluble metal content as metal-containing 

45 additive of no more than about 100 ppm and which comprises the following components; 

a) at least about 70 wt% based on the total weight of the composition of an hydrogenated poly-a-olefin oligomer 
fluid, which: (1) has a viscosity of 4x10'® to 6x10*® m^/s (4 to 6 cSf) at 100'C; (2) contains on a weight basis 
not more than a minor amount of species above hexamer, if any; and (3) is the only poly-a-olefin oligomer fluid 

50 in the composition; 

b) on an active ingredient basis, 2 to 20 wt% based on the total weight of the composition of an acrylic viscosity 
index improver which is in the form of a solution with an inert solvent and which exhibits a permanent shear 
stability index of no higher than about 35 according to ASTM test method D-3945a; 

c) 4 to 25 wt% based on the tot^ weight of the conposition of an oil-soluble dialkyl ester of a Ce to C10 a,cd- 

55 dicarboxylic acid having a pour point of -45°C or lower; 

d) a dispersant amount of an oil-soluble phosphorus-containing ashless dispersant; 

e) a friction modifying amount of an oil-soluble friction modifier; and 

f) an oil-soluble foam inhibitor, an oil-soluble copper corrosion inhibitor, an oil-soluble rust inhibitor and an oil- 
soluble oxidation inhibitor; with the proviso that the power transmission fluid composition: 
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(A) has (i) a kinematic viscosity of at least 6.8x10'° nrls (6.8 cSt) at 100“C, (ii) a Brookfield viscosity of 15 
Pas (15,000 cP) or less at -40°C, (Hi) a kinematic viscosity at lOO'C of at least 6.0x10"^ m^/s (6.0 cSt) after 
4 hours in the Volkswagen taper roller bearing shear stability test, and (iv) a kinematic viscosity at 100“C 
of at least 5.0x1 O'® m^/s (5.0 cSt) after 20 hours in the Volkswagen taper roller bearing shear stabil'ity test; 

5 and 

(B) passes all of the seal tests set forth in the DEXRON® III specifications of General Motors Corporation 
and all of the seal tests set forth in the MERCON® spec'ifications of Ford Motor Company. 

20. The composition of claim 19 wherein the oil-soluble phosphorus-containing ashless dispersant is an oil-soluble 
10 boron- and phosphorus-containing ashless dispersant; the friction modifier conprises an N-aliphatic hydrocarbyl- 

substituted diethanol amine in which the N-aliphatic hydrocaitiyl-substituent is a straight chain aliphatic hydrocarbyl 
group free of acetylenic unsaturation and having 14 to 20 carbon atoms; and wherein component f) comprises (i) 
0.1 to 1.0 wt% of a 1.3.5-thiadiazole copper corrosion inhibitor and (ii) 0.01 to 0.1 wt% of calcium sulfurized alkyl- 
phenate, (i) and (ii) being the only sulfur-containing additive components in the composition. 

JS 

21 . A composition in accordance with claim 20 wherein the boron content of the composition is provided by the oil-sol- 
uble boron- and phosphorus-containing ashless dispersant. 

22. A corrposition in accordance with claim 20 or 21 wherein thephosphorus content of the composition is provided by 
20 the oil-solLble boron- and phosphorus-containing ashless dispersant. 

23. A composition in accordance with claim 20. 2i or 22 wherein the calcium sulfurized alkylphenate is the only metal- 
containing additive component in the corrposition. 
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(57) A power transmission fluid composition which 
has, on a weight basis, an oil-soluble boron content of 
0.001 to 0.1%, an oil-soluble phosphorus content of 
0.005 to 0.2% and an oil-soluble metal content as 
metal-containing additive of no more than about 100 
ppm and which comprises the following components: 

a) at least about 70 wt% based on the total weight 
of the composition of an hydrogenated poly-a-olefin 
oligomer fluid having a kinematic viscosity of 2x10' 
® to 6x10-® m2/s (2 to 6 cSt) at 100”C; 

b) on an active ingredient basis, 2 to 20 wt% based 
on the total weight of the composition of an acrylic 
viscosity index improver which is in the form of a 
solution with an inert solvent; 

c) 4 to 25 wt% based on the total weight of the com- 
position of an oil-soluble dialkyl ester of a C4 to C14 
o,(i>dicarboxylic add having a pour point of -45‘C 
or lower; 

d) a dispersant amount of an oil-soluble ashless 
dispersant; 

e) a friction modifying amount an oil-soluble friction 
modifier; and 

f) an oil-soluble inhibitor selected from foam inhibi- 
tors, copper corrosion inhibitors, rust inhibitors and 
oxidation inhibitors; 

with the proviso that the power transmission fluid 
composition has (0 a kinematic viscosity of at least 
6.8x10 ® m2/s (6.8 cSt) at 100'C, (ii) a Brookfield 
viscosity of 15 Pas (15,000 cP) or less at -40°C. (iii) 



a kinematic viscosity at lOO'C of at least 6.0x10'® 
nf /s (6.0 cSt) after 4 hours in the Volkswagen taper 
roller bearing shear stability test, and (iv) a kine- 
matic viscosity at lOO'C of at least 5.0x10’® m^/s 
(5.0 cSt) after 20 hours in the Volkswagen taper 
roller bearing shear stability test. 
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(57) ARSTRACT 

A viscasity index improver, which comprises a polymer (A) 
having .1 .solubility parameter of 8.6-9.4, a cry.stallizing 
inili.tlion tcniperaiurc of equal to or le.ss than -15® C., and 
a sieric hindrance factor (H of 0-13, said factor F being 
defined by the following equation; 

F-4X+Y (1) wherein X and Y rcpre.scni the total 
numlrer.s of atoms at the 6lh position and the 7th 
position, re.speciively, in the .side chains; said poly- 
mer (A) having a Mw of 5.(KKi-2,000,0(Xl and com- 
prising units of at lca.st one monomer selected from 
the group consisting of: 

(a) 3 monomer rcprc.sentcd by the general formula; 

aL=C(ll®)— COO— <AO),— R (2) wherein R° 
Ls hydrogen atom or methyl group, R is a 
Cijoalkyl group, n is (l or an integer of 1 -20 
giving 0-10 on average. .A is an alkyicne group 
containing 2-4 carbon atoms, plural A's in case 
of n being at least 2 arc the same or diflfercni. 
and the iwlyoxyalkylenc moiety (AO)„ in ca.se 
of the plural A’s being different comprises 
random-vsT.se or block-wise di.siributcd oxy- 
allcylene groups; (b) an alkyl alkenyl ether; (c) 
an alkenyl carboxylate; and (d) a nitrogen- 
containing unsaiurated monomer. 

The suitable monomers, 2-dccyl-ieiradecyl methacrylate 
and 2-decyl-lciradecyl acrylate compose the polymer (A), 
are al.so described. 
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VISCOSITY INDEX IMI'KOVER AND LUU1-. OIL 
CONTAININC THE .SAMI'. 

BACKGROUND 01- TOE INVESmON 
[IMIOl] 1. Field of ihe Invention 

[0002] ’ITiis invention relatc.s to a viscosity index improwr 
(hereinafter referred to as VII). More particularly, it relates 
to a VII for lube oils, such as engine oils, automatic 
traasmission fluids (ATI^, continuously variable transmis- 
sion fluids (CVTF), gear oils and hydrolic fluids. 

[(HKD] 2.Dc.scription of the Prior Art 
[tK)04] As VIls to improve viscosity index (hereinafter 
refem^ to as VI) of lube oils, there have been known 
heretofore copolymers of C,.BalJcyl (nieih) acrylates (for 
instance, U..S. Pat. No. .S.622,924) . The word, "(meth)acry- 
late” represents acrylate and/or methacrylate and also “Cj. 
salkyl" represents alkyl group containing 1-18 carbon 
atoms; and .similar expressions are u.sed hereinafter. 

SU.MMARY OF TOC INVEN TION 
[0005] It is an object of the present invention to provide a 
VII capable of imparling an improved VI to lube oil. 
[0006] It Is another object of this invention to provide a 
viscosity improver concentrate capable of imparting an 
improved VI to a lube oil. 

[tMMI7] it is still another object of the invention to provide 
a lube oil composition having an improved VI. 

[HOOK] It is yet another object of the present invention to 
provide a monomer consisting of 2-decyl-letradecyl meth- 
acrylate or 2-decyl-iciradecyl acrylate. 

[IHI09] Briefly, these and other objects of Ibis invention as 
hereinafter will become more readily apparent have been 
attained broadly by a VII, comprising a polymer (A) or 
(All) as follows. Polymer (A) has a solubihiy parameter 
(hereinafter referred to as SP) of S.6-9.4, a crystallizing 
initiation temperature (hereinafter referred to as Tc) of equal 
to or less than -1.5' C. and a steric hindrance factor F, 
defined by the following equation (1), of 0-13. 

F-4.WY (1) 

[0010] In the equation (1), X and Y represent the total 
numbers of atoms at the 6th position and the 7th position, 
rc.speciivcly. in the side chains, counted from the backbone. 

[0011] Polymer (A) comprises iinii.s of at least one mono- 
mer selected from Ihe group consisting of an acrylic mono- 
mer (hereinafter referred to as (a)) rcpre.scnied by the 
following general formula (2), an allQ’l alkenyl ether (here- 
inafter referred to as(b)), an alkenyl carboxylate (hereinafter 
referred to as (c)) and a nitrogen-containing uasaiurated 
monomer (hereinafter referred to as (d)). 



ai;=C — COO (AOk — R 



[0012] In Ihe general formula (2), R° Is hydrogen atom or 
methyl group, R is a Cj_,oalkyl group, n is 0 or an integer 
of 1-20 giving 11-10 on average, and A is an C,_,alkylenc 



[0013] Polymer (A) is preferably a copolymer (Al), com- 
prising units of at lea.st one monomer (ai) represented by the 
general formula (2) wherein R is a branched Cjp.jo^'U^’l 
group (hereinafter referred to as R‘). 

[0014] Copolymer (All), in another aspect of thus inven- 
tion, comprises units of at least one monomer ((all)) rep- 
resented by the general formula (2) wherein R Is a branched 
C-o_«,alkyl group (hereinafter referred to as R”). and units 
of at lea.st one other alkyl (mcih)aciylaie. Said (mcih)acry- 
late (all) is capable of providing a homopolymer having a 
Tc of equal to or lc.ss than 5” C. 

[0015] Polymers (A) and (AH) have a weight-average 
molecular weight (hereinafter referred to as Mw) of usually 
.'5.(KIO-2 ,OOO.o6o. 

[00 16] In the above, “polymer” repre.sems copolymer and/ 
or homopolymer; and such expression is used hereinafter. 

BRIEF DESCRlP nON OF THE DRAWINGS 

[0017] I'lG.l, RG.2 and RG..3 show the 'H— NMR .spec- 
trogram, the — NMR spectrogram, and the IR spectro- 

gram of 2-decyl-ieiradecyl meihiiciylaie, rc.speclively. 

DETAILED DESCRIPTION OF TOE 
PREFERRED EMBODI.MENTS MONO.MERS 
CO.MPOSING THE POLYMER (A) 

[0018] The following monomers (a) to (m) compo.se the 
polymer (A). 

[0019] (a) Acr\'lic monomers (hereinafter referred to as 
(a)) 

[0020] Monomers (a) are represemed by the above-men- 
tioned general formula (2). In the general formula (2), n is 
(I or an integer of 1-20 (preferably 0-10) giving 0-10 
(preferably 0-5) on average, particularly n is 0. Suitable C-^ 
alkylene groups that is shown "A” in the formula (2). 
include ethylene, propylene, .and 1,2-, 2,3-,13-and 1,4- 
butylene groups, as well as combinations of two or more of 
these alkylene groups. Among alkylene groups, preferred are 
ethylene, propylene, 1.2-buiylene and combinations of 
them. 

[0021] In case of n is at least 2, the said A is reprc-senicd 
as A'. Plural A’s may be the same or different, and the 
polyox-y-alkylcne moiety (A'0)„ in case of the plural A’s 
being different can comprise random-wise and/or block- 
wise distributed oxyalkylene groups. 

[0022] R° is hydrogen atom or methyl group, preferably 
methyl group. 

[0023] Suitable Ci_,o alkyl groups (R) include, for 
example, 

[0024] (1) R‘. namely br.ancbed Cjo.jo alLyl groups; 

[0025] (2) C,.4 alkyl gmups, such as methyl, ethyl, n- 
and i-propyl. and n-, i-. see- and l-bulyl groups; 

[0026] (3) straight-chain and branched-chain 

C8.,jalkyl groups, such as n- and i-octyl, 2-eihyl- 
hexyl, 0- and i-nonyl, n- and i-decyl, n- and i-dode- 
cyl, 2-melhyliindecyl, n- and i-iridecyl. 2-mcihyl- 
dodecyl. n- and i-ieiradccyl, 2-methyllridecyl, n- and 
i-pcntadecyl and 2-mclhylieiradccyl groups; 
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[0027] (4) straighi-cliain Cjo.js alkyl groups, such as 
n-hexadecyl. n-oaadccy! and n-nonadecyl groups; 

[002S] (5) siraighi-chain groups, such as 

n-eicosyl, n-docosyl, n-lciracosyl and n-ociacosyl 
groups; and 

[0029] (6) siraighl-chain and branched Cj.,all:yl 
groups, such as n-. i-, sec- and nco-peniyl, n- and 
i-hexy! 2-meihylpeniyl and n- and i-heptyl groups. 
[0030] Suiiablc branched alkyl groups (R^) have 

usually 1-12 branchings, preferably 1 branching. Branched 
alkyl groups (R') are inclusive of branched C«o_to 
alkyl groups (R^^) and branched alkyl groups (R"') 

[0031] Ulusiraiive of suiiable groups 5are, for 
example, 

[0032] 1 -alkyl groui» (c.g., 1-eibylociadecyl, 

1-hexylieiradecyl, 1-ociyldodecyl, 1-buiyleicosyl, 

1 - hexyiocudccyl, 1-ociyUicxadccyl, 1-decylicirade- 
cyU l-undecyl-tridccyl groups, cic.); 

[0033] 2-alkyl groups (e.g., 2-hexylietradecyl. 

2- cihylociadecyl, 2-dccylieiradeeyl, 2-undccyllridc- 
cyl, 2-ociylhexadccyl, 2-hexylociadecyl, 2-dodecyl- 
hexadecyl, 2-iridecylpentadecyl, 2-dccylociadecyl, 
2-ieiradecyloctadecyl, 2-hexndccylociadecyl, 2-lci- 
radecyleicosyl and 2-hexadccyleicosyl groups, cic.); 

[0034] 3-alkyl to 34-alkyl groups (e.g., 3-alkyl, 
4-alkyl, 5-alkyl, 32-alkyl, 33-alkyU 34-alkyl, elc.); 
and 

[0035] alkyl groups containing one or more branch- 
ings (e.g., alkyl groups of oxoalcohols corresponding 
to propylene oligomers (from hepiamer lo 
undecamcr), cthylcnc/propylene (molar ratio 16/1 -1/ 
11) oligomers, iso-buiylcne oligomers (from pen- 
tamer lo oclamer), a-olefine(Cs.2o)oligomers from 
letramar to octamer, etc.). 

[0036] Examples of .suitable groups R’" include 2-alk7l 
groups (c.g., 2-hexyldecyl, 2-liexylundecyl, 2-ociyldecyl, 
2-octyldodecyl, 2-butyldodecyl. 2-buiyl-teiradecyl, 2-me- 
ihylociadccyl, 2-mciylhexadecyl groups, etc.). 

[0037] Among these groups R” and R^', preferred in 
regard of VI and low viscosity even at low temperature are 
groups R^^. particularly lho.se of Cjo.34. More preferred are 
those of especially of Ckj. Preferable types in this 
regard are 2-alkyl groups, represented by the general for- 
mula: 



(-’J 

R- 

— cn?— at — R' 



[0038] Wherein R^ and R- are the same or different 
siraighl-chain Cs.jg alkyl groups. The most preferred R' is a 
dodecyl group. TTie mo.st preferred R" is a dodecyl group. 
[0039] The most preferred R in the formula (2) is a 
2-decylietradecyl group. 

[0040] Suitable acrylic monomers (a) include, for 
example, monomers of the general formula (2) wherein R is 



a branched Cig_,o alkyl group R’ (hereinafter referred to as 
(al)). Ci^alkyl (mcih)acrylates (hereinafter referred to as 
(a2)), Ce.i5alkyl (meih)acrylaies (hereinafter referred to as 
(a3)), straight-chain Cj4.isalkyl (meib)acrylaies hereinafter 
referred to as (a4)). straight-chain C^oalkyl (melh)acry- 
laies (hereinafter referred to as (a5)) and C5_7alkyl (meih- 
)acrylaies (hereinafter referred to as (a6)). 

[0041] Monomers (al) include monomers (all) of the 
general formula (2) wherein R is a branched C;o_,o alkyl 
group R^^ and monomers (al2) of the general formula (2) 
wherein R is a branched Cig.j9 alkyl group R^‘. Among 
these, prelerrcd arc monomers (al), particularly monomers 
(all) 

[0042] Monomers (all), having R’^, are capable of pro- 
s’iding a homopoiymer having a Tc of equal 10 or less than 
5° C„ preferably equal to or less than 0° C.. more preferably 
equal to or less than -15° C. Tc is measured with respect to 
a homopolymer prepared by polymeri2aiing a particular 
monomer under the following conditions. 

[0043] Into a reaction vessel equipped with a stirrer, u 
healing and cooling device, a thermometer, a dropping 
funnel and nitrogen gas inlet tube, 25 parts of toluene is 
charged. After the atmosphere in the ves.sel is replaced with 
nitrogen gas. a monomer solution comprising 1(10 parts of 
monomer, 03 pans of a dodecyl mercaptan (hereinafter 
referred to as DM) that is a chain transfer agent and 03 pans 
of a 2,2’-azo-bis-(2,4- dimeibyI)valeroniinlc (hereinafter 
reffered 10 as AD VN) is added dropwise from the dropping 
funnel. This addition is made over a period of for 4 hours, 
at 85° C., in the .absence of air. The reaction mixture is held 
at 85‘ C. for a period of 2 hours, so that the polymerization 
proceeds well. Thereafter, toluene is evaporated under 
reduced pressure, al 130* C., for 3 hours, and a resultant 
homopolymer is obtained. 

[0044] Illustrative of suitable monomers (all) arc 2-de- 
cylieu-adeoyl methacrylate (Tc=-30° C), 2-teiradccylocla- 
dccyl methacrylate (Tc=3° C). 2-ociyldecyloxyeihyl (meth- 
)acry!aie, dieihylcnc glycol mono-2-dccylteiradecylcihcr 
(mcih)acrylaic, dipropylenc glycol moDO-2-decylicirade- 
cylcther (nicih).acrylalc and dibuiylcne glycol raono-2-dc- 
cylieiradecyleiher(meih)acrylaie.Tc in the parenihc-sesisTc 
of the iiomopolymcr comprises the monomer. 

[0045] 'I’here may be used two or more of these raono- 
raers, for iaslance, combin.aiions of (al) and (a2) with or 
without (a3)/(a4), and combinations of (all) and (a2) with 
or without at letisi one of (a3), (al2), (a4) and (a5). 

[0046] (b) Alkyl alkenyl ethers (hereinafter referred to as 
(b)) 

[0047] Suitable monomers (b) include, for example one 
rcpre.semcd by the general formula R — 0 — D. wherein D is 
“ Qs-io (preferably C._,, panicularly C,.j) alkenyl group and 
R is a Cj^io (preferably C1.30, particularly Q.^) alky) 
group. Examples of the suitable alkenyl group include vinyl, 
(melh)allyl and (iso)propcnyl groups. E.\ampies of the alkyl 
group R in the genera) formula include ibe same alky) group 
“R" in the general formula (2) mentioned above in the said 
monomer (a). 

[0048] Examples of suiiablc ethers (b) are alkyl vinyl 
ethers, and allcyl (meih)allyl ethers. Preferred are methyl 
vinyl ether, ethyl vinyl ether, methyl ally! ether and ethyl 
ally! ether. 
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[(MI49] (c) Alkenyl cariioxylale (hcreinaficr referred lo as 
(c» 

[0050] Suitable monomers (c) include, for example, ones 
represented by the general formula U — COO — D, wherein R 
and D are the .same as -R" and "D" in the above-mentioned 
general formula of the monomer (b). Illu.strative of .suitable 
carboxylaies (c) are vinyl acetate, vinyl propionate, vinyl 
hexanoate, vinyl 2-cthylhexanoatc and vinyl n-octanoaie. 
Preferred arc vinyl acetate and vinyl propionate. 

[0051] (d) Nitrogen-containing uasaiurated monomers 
(hereinafter referred to as (d)) 

[(MI52] Suitable monomers (d) are inclusive of amino- 
coniaining monomers (dl), amide-coniainine monomers 
(d2), and niiro-coniaining monomers (d3). 

[0053] Suitable monomers (dl) include primary, second- 
ary and tertiary amino-containing aliphatic monomers, for 
example, 

[0054] mono-Cj.s alkenyl amines (e.g., (di) (mclh) 
ally! amines, crotyl amine, etc.), amino-containing 
acrylic monomers, for instance, araino-C-^alkyl- 
(meili)acrylaics (e.g., aminocthyl and aminopropyl 
(meth)acrylate,eic.) mono- and di- Cj_, alkyl-amino 
C-.S alkyl (meth)ncrylates (e.g., (di)methyl-arainoct- 
hyi, (df)eihylamLnoeihyl, (di)butylaminoethyl and 
(di)mcihy)aminopropyl (meth)acrylate, etc.); 

[0055] primary, secondary and tertiary amino-con- 
laining aromatic monomers, for example, aminosiy- 
renes (e.g„ (dimcthyl).imino.siyrene, phenylami- 
nostyrone, etc.), (meth)acryl-amides (e.g., 4-and 
2-pbenylaminophcnyl (mcth)iicryl-amidc, etc.); 

[0056] araino-containing heterocyclic monomers, for 
example, morirholino C,^alkyl (meih)acrylaics, 
(e.g., motpholinocihyl (meth) acrylate, etc.), 
vinylpyridine.s, (e.g., 4-and 2-vinylpyridine, N-vi- 
nylpyrrole and N-vinyl(thio)-pyrrolidonc, etc.). 

[0057] Suit.ible amide-containing monomers (d2) include 

[005S] (mcih).icryl amide; and 

[0059] N-vinyl-carlxmamides (e.g., N-vinyl-forraa- 
mide, N-vinyl-acetoamide, N-vinyi-n-and i-propi- 
onamide, N-vinylhydroxynceioaniide. etc.). 

[0060] Examples of niiro-containing monomers (d3) are 
niirosiyrcnes, (e.g., 4-nitrasiyrene, etc.). 

[IK)61] Among monomers (d), preferred arc monomers 
(dl). More preferred are tertiary aminti-coniaining acrylic 
monomers, particularly dimcthylaminoeihyl, diethylamino- 
cthyl and mor]5holinocthyl (meth)acrylaies. 

[IM)62] (c) Aliphatic hydrocarbon vinyl monomers (here- 
inafter refereed lo as (c)) 

[tHI63] Suitable monomers (e) include, f or example, C 
.alkencs (e. g. , ethylene, propylene, biiicnc. isobutylene, 
penlene, bepiene, diisobuiylenc, ociene, dodccen, ocia- 
decene, etc.), and C^.,; alkadienes (e.g.. butadiene, isoprene, 
1, 4-jieniadiene, 1, 6-hepladienc, l.7-ocl.icliene, etc.) . 

[0064] (f) Alicyclic hydrocarbon vinyl monomers (here- 
inafter referred to as (()*) 



[0065] Suitable monomers (0 include, for example, cyclo- 
hexene, (di)cyclopcnladienc, pinene, limonene, indene, 
vinylcyclohexenc, cihylidenebioyclohcpiene. 

[0066] (g) Aromatic hydrocarbon vinyl monomers (here- 
inafter referred lo as (g) 

[0067] Suitable monomers (g) include, for example, sty- 
rene, a-melhylsiyrcnc, vinylioluene, 2,4-dimeihylsiyrcne. 
4-elhylsiyrenc. 4-i.sopropyLsiyrenc, 4-bulyl.styrcne, 4-phe- 
nylsiyrene, 4-cyclohexyLsiyrenc, 4-benzyLsiyrene, 4-crotyl- 
bcnzenc and 2-vinylnapiithalene. 

[006K] (h) Vinyl ketones (hereinafter referred to as (h)) 
[0069] Suitable monomers (h) include, for example. Cj.jq 
alkyl or C,.k aryl vinylkeiones (e.g.. methylvinylkeione. 
eihylvinylkcione. phenylvinylkeione, etc.). 

[0070] (i) Vinyl monomers having epoxy group (herein- 
after referred to as (i) ) 

[0071] Suitable monomers (i) include, for example, gly- 
cidyl(meta).icrylaie and glycidyl(meia)allyl ether. 

[0072] (j) Vinyl monomers having halogen (hereinafter 
referred to as (j)) 

[0073] Suitable monomers (j) include, for example, vinyl 
chloride, vinyl bromide, vinylidene chloride, (mcia)allyl 
chloride, styrene halidc(c.g. dichlorosiyrenc, etc.). 

[0074] (k) Esters consi.siing of uasaiurated polycarboxylic 
acid (hereinafter referred to as (k)) 

[007.5] Suitable monomers(k) include, for example, alkyl, 
cycloalkyl or aralkyl esters of un.saiuraied polycarboxylic 
acid. Among the.se esters, preferred are , Cj.;o alkx'l diesier 
cnnsisiing of unsaiuraicd dicarlioxylic acid such as maleic 
acid, fumaric acid, itaconic acid, (e.g., dimcthylmaleaic, 
dimcthylfumaraic, dieihylmalcate, diociylmaleaie, etc.). (1) 
vinyl monomers having hydroxyl group (hereinafter referred 
to as (1)) 

[0076] Suitable monomers (1) include, for example, 

[0077] aromatic vinyl monomer having hydroxyl 
group (e.g., p-hydtoxysiyrene, etc.), hydroxy-C-.^ 
alkyl(meih)acrylatc (e.g., 2-hydroxyctbyI- 
(nicih)acrylaie, 2- or 3-liydroxypropyl(mcih)acry- 
laic, etc.): 

[0078] mono- or di-hydroxy-Cj.^ alkyl substituted 
(meih)acrylamide (c.g„ N,N- dihydroxymethy!- 
(rocth)acrylamidc, N.N-dihydroxypropyl (nicih- 
)acrylamide, N,N-di-2-hydroxybutyl(meih)acryla- 
mide, etc.); 

[0079] vinyl alcohol, that is obtained by hydroly.sLs of 
vinyl acetate: 

[0080] Ci.j- alkenol (e.g., (melh)allylalcohol, croiy- 
lalcohol, i.so-croiylalcohol, 1-ocienol, 1-undcccnol, 
etc.); 

[0081] C.^j; alkcnediol (e.g., l-buicnc-3-ol, 
2-buicne-l-ol, 2-huiene-l,4-diol, etc.); 

[0082] hydroxy-Cj^ allyl-C^jo alkenyl ether (e.g., 
2-hydroxyelhyl-propenyl ether, etc.); 

[0083] pol 5 ^’aienl alcohol h.nving 3-8 hydroxy 
groups; 
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[0084] alkaoe polyol; 

[0085] ius imra- or inier-molccular dchydraiion prod- 
uct; aod 

[0086] Ci.jo alkenyl ether and (ineih) acrylate, of a .sac- 
charide, for example, glycerol, pcntacryihritol, sorbitol, sor- 
biian, diglyccrol, and sucro.se (e.g., sucrose (meih)allyl 
ether, etc.). 

[0087] (m) vinyl monomer.s having carboxylic acid group 
(hereinafter referred to as (m)) 

[0088] Suitable monomers (ra) include. 

[0089] vinyl monomers having tnooocarbo.xylic acid 
group, for iasiance, iinsaiurated monocarboxylic 
acid (e.g., (meth)acrylic acid, a-meihyl(meth)acrylic 
acid, crotonic acid, cinnamic acid, etc.); 

[0090] mono alkyl ester of unsaturaicd dicar- 
boxylic acid (e.g., mono-alkyl raaleate, mono-alkyl 
fumarate, mono-alkyl itaconate, etc.); and 

[0091] vinyl monomers having dicarboxylic acid 
group, (e.g.. maleic acid, fumaric acid, ilaconic acid, 
ciiraconic acid. etc.). 

[0092] When VII is required property of a detergent, it is 
preferred that the polymer (A) comprises units of (d). When 
Vll is not required property of a detergent, the monomer of 
(d) is not necessary to comprise the polymer (A). 

POLYMER (A) 

[0093] Several kinds of monomers that compose (A) 
include, preferably, at least (a), at Icttst (b) or at least (a) and 
(b). The sum amount of (a) and (b), preferably at lea.si 30%. 
more preferably 50-100%, particularly 80-100%- against 
total amount of monorocr(.s) to be used for synthesis (A) (% 
stands for weight percentages hereafter, unless it is specifi- 
cally mentioned otherwise). With regard to the ratio of (a) 
and (b), (a)/(b) is generally 30-100/0-70, preferably 50-100/ 
0-50. If (c) and/or (d) is ased together with (a) and/or (b), the 
amount of (c) preferably at most 45%., particularly at most 
40%., and the amount of (d). preferably at most 12%.. 
particularly at most 10%., against total amount of several 
monomers to be used for .synthesis (A) . 

[0094] If (d) to (m) is employed by requirement, together 
with the monomers (a) to (c) for synthesis (.A), the sum 
amount, if plural kinds of monomers (d) to (m) are 
employed, or the amount if single monomer selected from 
the group consisting of(d) to (m) is employed, is preferably 
0-20%, panicularly 0.1-10% agaiasi total weight of mono- 
mer; ((a) to (ra)) to be used for synthesis (A). 

[0095] The pohmer (Al) contains generally 5-90%, pref- 
erably 10-80%, parucularly 10-60%, most panicularly 
10-45% of units of (al), and contain generally 10-60%., 
preferably 20-50%, paniculary 20-45% of units of (a2). (Al) 
contains generally 0-85%.. preferably 10-70%, particularly 
10-60%. of units of (a3) and/or (a4) (in particular, such 



monomers having 10-18 carbon atoms). (Al) contains pref- 
erably 0-20%., more preferably 0-10% of unii.s of (a5) and 
/or (a 6). 

[0096] In addition to (Al), e.xample of the polymer (A) 
contains 5-20% of units of (a2). 30-70% of units of (:i3), and 
5-20%. of units of (a4) Other examples of the polymer (A) 
are bomopolymers comprises the monomer (b), .such as 
homopolymcr of methyl vinyl ether, homopolymer of the 
monomer that has general formula (2) and R is branched- 
•ilkyl group having 4-8 carbon atoms, and homopolymcr of 
ethylene glycol mQno-2-ethylhcxyl-methacrylate, and the 
like. 

[0097] The polymer (A) has a weight average molecular 
weight (Mw) of generally 5.000 to 2,000,000, preferably 
8,0ai to 500,000. more preferably 10.000 to 250,000. If Mw 
i-S 5,000 or more, (A) has adequate capability of increa.sing 
viscosity so that usually oil dose not need excess amount of 
(A). If Mw is 2,(KI0,000 or less, (A) has adequate shear 
stability. Mw Is mea.sured by gel permeation chromatogra- 
phy using calibration curve of polystyrene. 

[0098] Tlic |)olymer (A) has a SP value of generally 
8.6-9 .4. preferably 9.0-9.35, panicularly 9. 1-9.3. If SP is 
between the above range. (A) has an adequate solubility to 
base oil and also adequate ability of improving VI. The SP 
value in the present invention is one measured by the Fedors 
method [Polym.Eng.Sci.l4 (2) 152, (1974)]. 

[0099] (A) has a Tc of generally equal to or less than -15° 
C, preferably equal to or less than -17.5® C., 
particularly -20 to -70® C., more particularly -35 to -70® C. 
Ific is equal to or less than -15® C, (A) does not crystallize 
at low temperature, so that (A) has an excellent low tern- 
perauire behavior. Tc value is measured using differential 
scanning calorimeter “UNTX DSC7” (PERKIN-ELMER 
Corp.) applying 5 mg of polymer as a .specimen, measuring 
the crysiallizing iniuation temperature (Tc) under cooling 
from 100 ® C. to -45'' C. at a rate of -10® C7min. 

[0100] Further. (A) has a steric hindrance factor, F of 
generally 0-13, preferably 0-12.5, more preferably O-lO, 
particularly 0-8, more panicularly 0-7. The F is defined the 
above-mentioned equ-ition (1). Namely, considering a 
monomeric unit constituting polymer (A), X represents the 
total numbers of atoms at the sixth position in a side chain 
from the backbone. Y represents the total numbers of atoms 
al the seventh position atom in a side chain. If monomeric 
unit has plural side chains, X and Y are counted respective 
side chain and added to the total number. F° is the sum of 
four times X°, and Y°. The position is counted from the 
backbone (as shown in the following example) that a par- 
ticular side chain bonded with, is assigned the number 0, and 
goes sequentially to the dirccuon to outside of the particular 
side chain. 'ITie total number X and also Y are simply the 
sum of the atoms, that is, the kind of atom does not aflcct the 
total number. When the polymer (A) is copolymer, F is the 
average of F° of each monomer unit calculated based on the 
molar fractions of each monomcrunii in the copolymer. The 
F briefly expresses degree of steric hindrance of side chain 
in the polymer. The greater F means the more degree of 
steric hindrance. 

[0101] Following is an example of calculating F. A number 
of the right shoulder of atoms shows the position of atoms 
counted from backbone. 
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iixampic Copolymer 

2-Dccyl-iciradecyl Meihaciylaie/'Meihyl 
Meih.uTylaie-40/60 (molar ratio) 



[0102] 



c’— n' II* h’ h* II® 

H*— o’— c*-c’— c«— C4II1;. 

H*— C*-IJ‘ ll* il’ II® I^ 

ir-t-H’ 

11*— c’— II® 

H®— C?-H® 

I 

C,!In 



[0103] The left-hand side-chain: 2-dccyl-ieiradecyi meth- 
acrylate residue The total number of atoms at the sixth 
position =6 (i.c.. total number of atoms suffixed 6 at their 
rigbl shoulder) The total number of atoms at the seventh 
position =6 

F"-<)x4+fi-.XI 

[0104] The right-hand side-chain: methyl methacrylate 
residue The total number of atoms at the sixth position »0 
The total number of atoms at the seventh potion =0 

[0105] Molar raiio-4fl:60 

F».’0x0.4*0xa6-n 

[0106] If the F Is 0-13, steric hindrance around backbone 
Ls small. Con.sequently, the polymer is easy to come to .shrink 
at low temperature, and viscosity index becomes larger and 
viscosity at low temperature becomes low. 

[0107] Means to adjust Mw and also the above-mentioned 
physical properties of polymer (A) in the present invention, 
is as follows. The Mw can be adjusted, for example, by- 
changing temperature, monomer concentration (solvent con- 
centration), qu.antiiy of catalyst and quantity of chain traas- 
fer agent, at polymerization. The .SP value can be adjusted by 
.selecting adequate kind of monomers and choosing their 
molar ratio by c.alculaiing SP value of the intended polymer 
using -SP value of each constituting unit (.such SP value is 
c.alculatcd by the Fedors method). For example. SP value of 
polymer can Ins adjusted by selecting nionomcr(s) basing 
appropriate length of alkyl group(s). The longer such alkyl 
length is, the smaller SP of polymer becomes. Adversely, the 



.shorter such alkyl length is, the larger %SP of polymer 
becomes. '1116 Tc can be adjusted by .selecting appropriate 
length of a methylene-chain existing in backbone and/or 
side-chain of polymer. I-or example, Tc becomes higher if 
the monomer having longer methylene-chain at an alkyl 
group in its side chafn, is employed. Adversely, Tc hcoome.s 
Tower if the monomer having shorter methylene-chain at an 
alkyl group in its side chain, is employetl. The F can be 
adjusted by selecting kinds of monomer and their molar 
ratio. For example, the F' becomes smaller when employed 
more quantity of monomcr(s) having Ic.ss number of atoms 
at the sixth or the seventh position. 

[01 (IS] The polymer has HLll value of preferably 0.5-6. 
more prefcr.ibly 1-5.5, particularly 15-.S. If HLB is in this 
range, in particular, anli-emulsificaiion is preferable. The 
above HLll value us calculated using I ILB definition of Oda 
method based on a general concept of organic and inorganic 
nature of organic compound (“New Introduction to Surface 
Active Agents'- T. FUJIMOTO, SAVYO CHEMICAL 
INDU.STRIES. Lro.P 197-201). 

COPOLYMER (All) 

[0109] Anoiber component of the present invention is the 
copolymer (All). The copolymer (All) contains generally 
5-90%, preferably 10-,S0%. more preferably 10-70%, par- 
ticularly 1(F60%., more particularly 10-45% of units of 
(all). The copolymer (All) contains generally 5-95%, 
preferably 20-90%, more preferably .30-909?., particularly 
4(F90%, more particularly 55-90% of units of alkyl- 
(mclh)acrylaies that are other than (all). The expre.ssion 
"alkyl (meih)acrylaies that are other than (all)" means such 
aaylates arc without the definition of the monomer group 
(all); and similar cxpre.ssion is used hereinafter. 

[0110] The monomers that are other than (all), include the 
above-mentioned monomer (a2), (a3), (al2), (a4) and (a5). 
The copolymer (All) includes generally 10-60%. preferably 
20-50%, particularly 25-4.5% of units of (a2). The copoly- 
mer (All) includes generally 0-85%, preferably 10-7(1%, 
particularly 10-6(i%- of total units of (a3), (al2). (a4) and 
(a5). 

[0111] In one most preferable embodiment, the copolymer 
(A1 1) is prepared by polymerizing 10-40% 2-dccyl-ieiradc- 
cyl methacrylate, 20-45%. methyl meihacrj-laie and 10-60%- 
alkyl (melh) ticrylaies that are within the groups of (a3) and 
(a4) and also have Cjo.j8 straight-chain alkyl group. 

[0112] If Vll is required the property of a detergent as w-ell 
as VII, in one preferable embodiment, the polymer (All) 
also include the 0.1-10%. (d) based on the total weight of 
monomers consi.siing (All), especially, one or .several 
monomer(.s) selecting from the group coasisling of dimeihy- 
laminoethyl (meih)acrylaie. dicihylaminoethyl (meth)acry- 
late and morpholinoethyl (mclh)acrylale; the .said three 
compounds are within the monomer (d). 

[01 13] The preferable Mw, SR, Tc and the F of the copoly- 
mer (All), arc the same range of ones of the polymer (A) as 
described above. 

[0114] As the VII of ilic present invention, (All) can be 
u.sed by ii.scif or (All) can be u.scd together with (A) that is 
other than (All). A ratio of such combined usage is pref- 
erably (All)AA) other than (All)=100/0-20/80, more pref- 
erably lOOAi- 70/3(1. 




US 2003/0036488 A1 



6 



Feb. 20, 2003 



PREPARATION Ol- THE POLYMER.S (A) ANIJ 
(All) 

[0U5] The polymers (A) and (All) of the prcscni inven- 
lion can be prepared by convcnilonal meihods well known 
10 those of skill in ihe an. bor in.slance. Ihe polymer is 
prepared by radical polynierixalion of above-mcniioncd 
nionomer(s) wiih solvent and polymerizaiion caialysi. 

[0116] The solvent includes, for example, aromatic com- 
pounds such as aromatic .solvents having 7-15 carbon atoms 
(e.g., toluene, xylene, ethylbenzene, alkylbenzcnc having 
9-10 carbon atoms, mixtures of trimcihyl benzene, ethyl- 
toluene, etc.); ketone solvents (e.g., butanonc, etc.); and 
mineral oils such as solvent refining oils, paraffin oils. 
Isoparaffin containing and/or hydrogenoly.sis high viscosity 
index oils, hydrocarbon synthetic lubricants (c.g., poly 
alpha-olefinic synthetic lubricant), ester synthetic lubricants, 
napblbcne oils, and the like. 

[II1I7] The polymerization catalyst includes, for example, 
azo catalyst (c.g., 2,2'-azo-bLs-i.sobutyronitrilc. 2.2'-azo-bLs- 
(2-mcthyl) hutyronitrile, ADVN, dimethyl 2,2-azo-bis- 
isobutylate, etc.): and peroxide catalyst (c.g.. t-butyl-perox- 
ypivalatc, t*hcxyl-pcroxypivalaic, t-butyl- 

peroxyneoheptanoate. t-butyl-peroxyncodccanoate. t-butyl- 
peroxy2-ethylhexanoate, t-butyl-pcroxyisobutylatc. t-amyl- 
peroxy2-etbylhexanoate, l,l,33-iciramclhyibutyl-pcroxy2- 
clhylhexanoate, dibuiyl-|x;mxytrimethyl adipate, benzoyl 
peroxide, cumyl peroxide, Ituiryl peroxide, etc.). 

[0118] Further, if necessary, chain transfer agent (e.g., 
alkyl merapian having 2-20 carbon atoms, mercaploacelic 
acid, mcrcapiopropinnic acid, irielhylcttc glycol dimcrcap- 
tan, etc.) can be used in the .syttlhcsis. 

[0119] The concentration of monomerfs) is preferably 
40-95%, more preferably 60-90% bxsed on weight of ail 
chemicals including solvent in synthesis. The concentration 
of polymerization cataly.st is preferably 0.1-5%. more pref- 
erably 0.15-0..s% based on weight of all monomer(s) in 
synthesis. The concentration of chain transfer agent is pref- 
erably 0-.S%, more preferably O-.IC?. based on weight of all 
monomcr(s) in synthesis. 

[0120] The polymerization temperature is preferably 
50-140“ C, more preferably 70-120° C. 

[0121] In addition, polymerization reaction can be bulk 
polymerization, emulsion polymerization or suspension 
polymerization in addition to the above-mentioned solution 
polymerization. Copolymerization can be by random copo- 
lymerization or alternating copolymerizaton, preferably ran- 
dom copolymerization. And also graft copolyracrization or 
block copolymerization c.in be employed. 

THE VISCOSI'fY INDEX IMPROVER 

[0122] The viscosity index Improver (Vll) of the prcscni 
invention, can be a .solvent-free polymer (Al) or (All), or 
can be a solution of the polymer (A) or (All). TTie .solution 
of the polymer prepared by .viluiion polymerizaiion, can be 
used as Vll conecniraies. In oilier embodiment, a diluent can 
also be added to a substantially solvent-free polymer, usu- 
ally by dissolving the substantially solvent-free polymer in 
an appropriate diluent, making Vll concentrates. The solu- 
tion of the polymer, namely Vll concentrate is preferable. 



Uecuusc. Ihe polymer dissolves ea.sily in ba.se oil, il the 
polymer is diluted with diluent belorehand. 

[0123] Examples of the diluents (hereinafter referred as 
(O) arc aliphatic hydrocarbons (e.g., hexane, heptane, 
cyclohexane, octane, decalin, kerosene, etc.), llic above- 
mentioned uroinalic compounti andm Ineral oils. A prefer- 
able diluent among lhc.se examples is mineral oil. The \T1 
concentrates of the prc.scni invention, contains VI! of pref- 
erably 10-9(t%. more preferably 30-8(1% and also contains 
diluent of preferably Hl-90%-, more preferably 20-70%. 

THE LUllE OIL COMPOSl'HON 

[0124] Base oil in which Vll of the present invention is 
added, is not particularly limited. I'refcrably, such base oil 
has a kinematic viscosity al 100® C. of. typically 1-15 
mm'/s, more often 2-5 mmVs. Preferably, such ba.se oil has 
a VI value of typically at least 80, more often at least 100. 
The finished lulic oil composition that is added the Vll of the 
present invention into base oil, is improved to have larger VI 
and shows improved fuel efficiency. 

[0125] In addition, such base oO has a cloud point (defined 
in JIS K2269) of, preferably equal to or less than -5° C., 
more preferably equal to or less than -10° C., particularly 
equal to or less than -15° C. If a cloud point of ba.se oil is 
the range mentioned above, quantities of deposition of wax 
Ls so small at low lemperature, that viscosity behavior at low 
lemperaiiire is excellent. Such b.ise oil includes, for 
cx.ampic, mineral oils that is mentioned above. Preferable 
mineral oils arc high viswisiiy index oils contained Isopar- 
affin and/or ni.'tnufaciured by hydrocracking,. Normally, the 
lube oil composition of prcscni invention include (L5-.30%, 
of the polymer (A) or (All). 

[0126] In one embodiment, the finished lube oil compo- 
sition is intended as engine oil, preferably, 0..5-15% of the 
(A) or (All), are added to ba.se oil having a 3-10 mmVs 
kinematic viscosity at UXi° C. In another embodiment, the 
finished lube oil composition Ls intended as gear oil. pref- 
erably. 3-30%. of Ihe (A) or (All), are added to base oil 
having 3-10 nimVs a kinematic viscosity at l(Ki° C. In yet 
another embodiment, the finished lube oil composition is 
Intended as auiomalic-iratuiralssion fluid (c.g., ATF, CPVF 
etc.), preferably. 2-25% of the (A) or (All), is added to base 
oil having 2-6 mmVs a kinematic viscosity at 1UI° C. In 
further embodiment, the finished lube oil composition is 
intended as traction oil, preferably, 03-15%' of the (A) or 
(All), arc added to ba.se oil having 1-5 mm~/s a kinematic 
viscosity at 1(K)° C. In yet further embodiment, the finished 
lube oil composition is intended as hydraulic oil, preferably. 
0.5-25% of the (A) or (All), is added ioba.se oil having 1-10 
mmVs a kinematic viscosity at 100° C. 

[0127] The lube oil compositions of this invention con- 
taining Vll of (A) or (All), may fiinhcr contain, optionally, 
another kind of .-iddiilvcs. 'llic examples of such .mother 
kind of additives are copolymers of alkyl (mcib)acrylaic 
(other than .such copolymer classified (A)); such copolymers 
are hcreinal'ler referred to as (R) Examples of (B) arc 
copolymers comprise units derived from (a), and such 
copolymers have at least one of SP, Tc, F or Mw ol' without 
the ai^oresaid range that preferable (A) arc encompassed. 
Preferable monomers compose (B), arc the monomers 
within a group .selecting from the group con.sisiing of (a2), 
(a3), (a4), (:i5). and (a6), that are included the above- 
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mcniioned monomer grou]) (a), and arc ilic monomers from 
any group of(a2) to (.a6). In one preferred emlxidimeni, the 
copolymer (herein after refereed to as (Bl)) Is composed of 
(a2) and (a3|, or composed of (a2) and (a4), or composed of 
(a2). (a3) and (a4). In another preferred embodiment, the 
copolymer (hereinafter refereed (o as (B2)) is composed ol 
two or more kind of monomers selecting from (a3) and/or 
(a4). In the (Bl), the monomer ratio of (a2)/(a3)+(a4) is 
preferably (0-4(l)/(60-l(itl), more preferably (5-35)/( 65-95). 
In one particular embodiment of (B2), at least one kind of 
monomer composing (B2) has one having 12 to 18 carbon 
atoms, and average carbon atoms of all the monomers (B2) 
is 1 2 to 1 6. and the content of a branchcd-alkyl group is (HO 
mole %. 

[012.S] In one particular embodiment, the copolymer (Bl) 
comprises (a2), (a3) and (a4), for example, copolymers of 
methyl raeihacrylatc/dodecyl meihacrylatc/tetradecyl meth- 
acrylale^exadecyl methacrylate (0-20%/20-45%/20-45^(•/ 
0-2'09fe). In one particular embodiment, the copolymer (B2) 
comprises (a3) and (a4). for example. 

[11129] copolymers of dodecyl mcthacrylaie/hexads- 
cyl methacrylate (10-50%/50-90%). that have an 
average carixtn atoms of 12.3-13.8, and have 
branched-alkyl group contents of 0 mol %; 

[0130] copolymers comprises two kinds of mono- 
mers of (a3), for example, copolymers of dodecyl 
metbacrylatc/ietradec>'l methacrylate (90-70%/10- 
207c), that have an average carbon atoms of 12.2- 
12.6,and that have branched-alkyl group conicnLsof 
0 mol %: and 

[0131] copolymers of dodecyl acrylaie/dodec}'! 
methacrylate ( 10-40'/f'/9()-60%), that have an aver- 
age (xirton atoms of 12, and have branched-alkyl 
group contents of 0 mol %. 

[0132] M the additional VII, (B) may use alone, or may 
u.se more than two kinds together. Mw of (B) is preferably 
5.(K)0-1,(XXJ,000. more preferably 10,(XK)-250,000. 

[0133] The lube oil composition of the present invention 
may contain funber alkyl (mcth)acrylaic ester copolymers 
(B 11) other than the copolymer (All). 

[0134] In one embodiment, (lUl) include alky! (meib- 
)acrylaic ester copolymers that comprise (all) of less than 
5% or of greater than 90%. In another embodiment, (fill) 
include copolymers within the dcfiDition of (B) and com- 
prise the units of the monomers (all) of less than 5% oi of 
greater than 90%. Preferable monomers compose (Bl 1), are 
the same monomers as the ones that (B) are composed oL 
which are described above. Preferable (Bll) has the .same 
Mw range as the (B) has. which are also described above. 
[0135] (Bll ) can be prepared by the .same method as one 
for (A) preparation, mentioned above. 

[1*136] The (li) or (lUl) can be mixed to (A) or (A1 1) in 
advance, then add to a ba.se oil. And sLso, (B) or (Bll). and 
(A) or (All) can be separately added to a ba.se oil. 

[0137] The total amount of the (B) and (A), or (B) and 
(All), 10 be added to a base oil is the same preferable range 
as the one of (A) or (All), above-mentioned. 

[0138] The lube oil composition of this invention may 
further contain one or more additives asually u.sed in a lube 



oil. .Such additives include, for example, dctcrgent.s, also 
referred to as an overbased or neutral metal salt (e.g., 
overbased alkali or alkaline earth racial salts of a snilfonalc. 
phenate. naphihaie, .salicylate, carbonate, or mixtures 
thereof, etc,), dispersants (e.g., succinimidc type; bis type, 
mono type and borate type, Mannich dispersant.s etc.), 
aniio.xidants (e.g., hinder^ phenolic antioxidants, .second- 
ary arom.stic amine antioxidants, etc.), friction modifier 
(e.g., long chain fatty acid,s; oleic acid, long chain fatty acid 
esier.s; ofcaie, long chain amines; oleylamine, long chain 
amide: olcylamidc, etc.), antiwear agcnl-s (c,g„ molylxlenum 
dilhio phosphate, molybdenum dilhio carbamate, zinc 
dialkyl diihiopho-sphaic, etc.), extreme-pressure agents (e.g., 
sulfur pho.sphide compounds, .sulfur compounds, phosphide 
compounds, chloro compounds, etc.), antifoam agents (e.g.. 
silicone oil, metallic .soap, fatly acid ester, pho.spbate com- 
pounds, etc.), dcmulsifying agents (e.g., ictra ammonium 
salt compounds, sulfaied oil., phosphate compounds, etc.) 
and corrosion inhibitors (e.g., nitrogen compound; benz- 
iriazole. l,3,4-thiodiazoryl-23-bis dialkyl dilhiocarbamale, 
etc.). 

[0139] These additives can be used in such amounts; 
0-20%, preferably 0.1-10%. of the detergent; 0-20%, pref- 
erably2.0-10% of the dispersant; 0-5%. preferably 0.1 -3%- of 
the antioxidants; 0-5%'. preferably 0.1-1%. of the friction 
modifier; 0-5%, preferably 0.1-3% of the antiwear agent; 
0-20%. preferably 1.0-10% of the extreme -pressure agent; 
2-1000 ppm. preferably 10-7(X* ppm of the antifoam agent; 
0-3%., preferably 0-1% of the dcmulsifying agent; and 0-3%, 
preferably 0-2%. of the corrosion inhibitor. 

[0140] Lul-te oil compositions of this invention are useful 
as engine oils (such as an engine for means of transportation 
and engine for machine tools), gear oil. transmission lube oil 
(particularly, AIT and Iluid for CTV), iraaion oil. shock- 
ahsortaer oil, |X>wcr steering oil. and the like. 

2-DECYL-TE'I'RADE(D1,(METH)AG(YLATL, 

AND ITS POLYMER 

[0141] Another component of the present invention Ls a 
monomer of 2-dccyl-ieiradecyl (meih)acrylate (hereinafter 
referred a.s DTDA), a horaopolymer of the DTD.A and the 
copolymers comprising of the units of DTDA. 

[0142] The 2-dccyl-ictradccyl (meih)acrylaie is prc.senied 
by the general formula (4): 

f 

cil;= C— CXDOCH j— CH — C, ,H-< 

[0143] In the formula (4). R"* is methyl group (i.e.. 2-de- 
cyl-ictradecyl mcth.icrylaie) or R"* is hydrogen atom (i.e., 
2-decyl-tetradecyl acrylate). 

[0144] A DTDAcan he prepared by an esterification using 
2-decyI-ieiradecyl alcohol and (meth) acrylic acid, or can be 
prepared by a iransesierificaiion using 2-dccyl-tetradecyI 
alcohol and (meih)acrylic acid derivatives. ITte 2-dccyl- 
leiradccyl alcohol is commercially available, for example, 
under the trade name of "ISOFOL24" from CONDEA 
Chemie GmbH. The (meih)acry'lic acid derivatives include 
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an (mcth)acryHc acid halide (c.g.. (meib)acrylic acid chlo- 
ride. (meih)acrylic acid bromide, eic.), an (mcih)acrylaic 
acid anhydride, and a shori-chain alkyl (carbon number 1-4: 
such as meihyl. ethyl, etc.) (meih)acrylaie, preferably 
methyl (mcih)acrylate. 'Ibe c.slerirication or transesierifica- 
lion is carried out with Or without solvent. 

[0145] For example, the esterification or iransesierifica- 
lion with or without solvent is carried out as follows: 
Alcohol, polymerization inhibitor, (solvent), a catalyst and 
(metb)acrylic acid or its derivative described above, are 
charged in a reactor and are reacted under normal or reduced 
pre.ssurc at 70-140° C., preferably 100-120' C. The solvent 
is, for example, the above-mentioned aromatic solvent, 
mineral oil, and the like. Preferred solvents are benzene, 
toluene, xylene and the like, because using such solvent, it 
is easy to .separate and remove by-products of water or lower 
alcohol. The pol)'meiization inhibitor is, for example, a 
phenol compound (e.g., hydroquinone, hydroquinone 
monomethyl ether, p-benzoquinone, t-butyl crcsol, catechol, 
etc.), phenothiazine. oxygen and air. Ihese are usedalonc or 
together. The catalyst is for example, an acid catalyst (e.g., 
sulfuric acid, hydrochloric acid, p-tolucncsulfonic acid, 
meihanc-sulfonic acid, benzenesulfonic acid, xylene suUbnic 
acid, etc.,) or abase catalyst (e.g., sodium hydroxide, potas- 
.sium hydroxide, sodium alcoholatc, etc.). The reaction liq- 
uid that the reaction was completed, is washed with water or 
aqueous alkali solution, if necessary, and refined removing 
the catalyst, the polymerization inhibitor or unreacted 
(meih)acrylic acid. 

[0146] The homopolymer of the DTDA is prepared by the 
same process as the process of the (all) homopolymet, 
mcDtioned above. The copolymer having the DTDA is 
prepared by the same process as the process of the copoly- 
mer (A) or (All), mentioned above. 

EXAMPLE 

[0147] Having generally described the invention, a more 
complete understanding can be obtained with reference to 
ceruin specific examples, which are included for purposes 
of illustration only and are not intended to limit the scope of 
the present invention. 

[01 4S] In the following examples, pans rcprc.scnis parts by 
weight. 

DTDA SYNTHESIS 

[0149] Into a 2 litter rc,iction vessel equipped with a 
thermometer, a stirrer, a dehydrator, a condenser, an air inlet 
tube, a nitrogen gas inlet tube, and a dropping funncL 1000 
parts of an "ISOFOL 24," 1.1 parts of a hydroquinone and 
4 pans of a conceniraicd sulfuric acid were charged. 315.8 
parts of methacrylic acid were added dropwisc into the 
reaction mixmre, over two hours, at the temperature 90' C, 
with bubbling air at gas flow for 25 mlAnin. Simultaneously, 
the vessel was warming. so that the reaction mixture reached 
120' C. when the addition w.as completed. 'Hie mixture was 
maintained at 120° C. for two hours to complete the csiri- 
ficatioD. Reducing the pressure to 4 kPa from atmospheric 
pressures, at 125° ibe unrcacied methacrylic acid was 
removed. Then, 32 pans of 10% sodium hydroxide water 
solutions Were added with stirring under less than 30° C., to 
neutralize the sohiiion. Then, the upper layer was separated 
from the lower layer. In the upper layer including crude 



2-decyl-letradccyl methacrylate, five pans of an adsorbent 
‘•KYOWAAD-500SH" (Kyowa chemical industry Co.. Ltd.) 
were added and stirred for 60 min., at 60’’ C., then containing 
water w.as removed by evaporation. The product was sepa- 
rated from the solid impurities by filtration. The 1,100 pans 
of 2-dccyl tctradecyl methacrylate was obtained. The soUdi- 
fying point was -33' C. to -35' C. 

[0150] FIG. I shows a Ml— NMR spectrogram of the 
product. FIG. 2 shows a NMR spectrogram of the 
product, and FTG. 3 shows an IR absorption spectrogram of 
the proditct. 

[0151] Rcfening to the FIG. 1. the spcctrogr.am shows 
following resonance peaks, shapes, coupling constants and 
the number of hydrogen atoms: IH — NMR (CDCl33C>(l 
Ml Iz): 6 6.(18 (s. IH), 532 (s.lH). 4.04(d. J-6 Hz, 2H), 1.93 
(s,311), 1. 6-1.7 (m. 111), l.l-1.4(m.40H), 0.87 (i,J=6 Hz. 
6H). Referring the FIG. 2, the spectrogram shows following 
re.sonance peaks; — NMR (CDClj300 MHz); 6 167.6, 

136.7. 125.0, 673, .37.2, 31.8, 313, 29 .8. 29.6. 29.5, 29.5, 
29.3. 26.6, 22.5, 18.1, 1,3 .9. Referring the FIG. 3, the 
spectrogram shows following absorption frequency: IR 
(NaCl): 2924, 28.55, 1720, 16.39, 1466, 1319, 1296. 1165, 
1013,937, 814, 721cm'^ 

[0152] The 2-dccyl tctradecyl acrylate is prepared by a 
similar process. 

THE METHODS 

[0153] ['Jbe method of measuring a Mw for the copoly- 
mers] 

[0154] Molecular weight disinbuiion was measured by 
gel-permeation chromatography (GPC). The conditions for 
the measurement were as follows: 

[0155] Apparatus: HLC-802A, (Toyo Soda Co., Ltd.) 

[0156] Column: TSKgcl-GMH6. (Toyo Soda Co.. 
Lid.) connecting two columns in series 

[01.57] Column Temperature; 40° C. 

[0158] Specimen (Sample solution): 0.5 weight % 
icirahydrofuran (TUI-') soluuon 

[01,59] Injection amount of specimen: 200 micro L 
[0160] Detector: a refractive index detector 

[0161] In addition, the calibration curve of molecular 
weight wa.s prepared to use polystylcne as a refer- 
ence standard. 

[0162] [Dte method of measuring a low-iempcrature vis- 
cosity] 

[0163] The low-temperaiure viscosity was measured fol- 
lowing JPI-5S-26-S5 at -40= C. 

[0164] [The method of measuring a V]] 

[0165] The viscosity index was measured following JIS- 
K-2283. 
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[0166] [The method of measuring a shear stability] 

[0167] The shear stability was mc.isured according to 
JASO M347-95. the period of test time was 12 hours. In 
addition, the liquid level is adjusted every three hours. 

IIOMOPOLYMUR 

[01 6S] The monomers listed in the Table I were polymer- 
ized following the above-mentioned method of the homopo- 
lymerizaiion, and obtained the homopolymers. The crystal- 
lizing initiation leraperaliire of the liomoplymcrs is shown in 
table 1. 

TABLE 1 



Tc r C) of 

Monomer bomopol>Tncr 



a|.J ;-dccyl-leiradccyl mclhacrylaie 

sii-1 '-dodecyt-hexadecyl nielhacrylaic 

sl-.t :-<lccyl-iemdecyloxyelhy! meihacrytate 

a.'-l 3-elhyllieiyl meihacrylaie 

n.s-1 n-dococyi rnelhacrylnie 



("1) less tlaa -~0" C. 



[0169] Except for the homopolymer coosi-siting the units 
of (a5-l), the other homopolymers have Tc of less than 5* C. 

COPOLYMER PREP.AR/OTON 

Example 1-9, Example and Comparative 
Example 1-.’ 

[0170] Into a reaction ve.ssel equipped with a stirrer , a 
heating and cooling device, a thermometer, a dropping 
funnel and a nitrogen gas inlet tulie. 2.s pans of a toluene was 
charged. After the atmosphere in the vessel Ls replaced with 
nitrogen gas, the solution consisting of the listed amount 
(pans) of the listed monomer, DM and ADW, in the table 
2, was addwl dropwLse from ilie dropping funnel. This 
addition was made over a period of 4 hours, at 85® C., in the 
absence of air. Eurther the reaction mixture was stirred at 85® 
C. for 2 hours, .so that the polymerization proceeds well. 
’I'hereaftcr, toluene w.hs evaporated under reduced pressure 
at 130® C., for 3 hours. The copolymers. (A-l) to (A-9), 
(IM) and (X-1) to (X-.3), were obtained. The physical 
property of the copolymers arc shown in table 3. 



C-40C1) 

4.S 



TABLE 2 






Monomer 



D 



AD 




a2-l: meihyl mcibncryais 
a4-l: n-hexadccyl methiicrylaic 

aX-:; nKtodecyl mclhacrylaie 

d-1: S,N-dimeihyl aminoetbrt meltocryiate 

d-3: S,S-diethyt amino ethyl meihacrylal; 



US 2003/0036488 A1 



10 



Feb. 20, 2003 



[(1171] 



9.: <-40 c(*i) 



[0172] The copolymer (B-1) of ihe above Example 51 was 
an another copolymer that adding, logeiher wiih ihc Vll of 
ihc present invention ((A-1) to (a-9)) into base oil. 

VII CONCENTRATES 

[0173] 65 parts of each of the copolymers (A-1) to (A-9) 
and (X -1) to (X-3) was dissolved in 35 pans of the mineral 



kinematic vi.scosity at 100“ C. of 6.0s0.1 mm7s, and also 
becoming the linal lube oil composition of UK3 pans. The 
lube oil compositions (l0-l8) of the present invention and 
the compasition of the comparative example (4-6) were 
obtained. The VI, low temperature viscosity at — 4ti“ C. and 
shear stability of the resultant compositions are given in 
table 4. 



T/VllLE 4 





Amount of 
VII conccntnie 
(pan) 


Copolymer 


VI 




Sinbiliiy 

(‘S-1 


Exunple 


10 17 


A-1 


229 


9900 


10 


11 17 


A-I 




10000 


10 




i: 17 




:.«i 


10000 


10 




IJ 17 








10 








251 


9SOO 


10 




15 17 




229 


siiOO 


10 




17 




22$ 




10 




37 




2d? 


:2oo 


2.' 




IS 17 




:is 


7000 


11 


CExamptc 


4 17 


X-J 


:os 


11000 


12 




5 Sot di&MilvcJ 


■X-: 










6 17 


X-.l 




>400.000 

CD 


10 



CD laore llofl 400.000 mi’a ■ i 



oil (solvent refining oiL kinematic viscosity at 100" C. 2.4 
mm'/s). The ^^l conccntratc-s were obtained. 

[0174] 65 pans of the copolymer (D-1) was dissolved in 
35 pans of the same mineral oil as the above. The co|iolymer 
concentrate was obtained. 

LUBE OIL COMPOSITION 
Example 10-18, Cotnparalivc Ex:im|ile 4-6 
[dl75] into a container made by the stainless steel 
equipped with a stirrer, 0.5 parts concentrate of the (B-1) 
were charged. Each of the concentrates of (A-1 ) to (A-9) and 
(X-1) to (X-3) and base oil (kinematic viscosity at 100" C., 
3.0 mmVs. a viscosity index, 117) was added respectively, 
so as to becoming the tinal lube oil composition has a 



[0176] The compositions 10 to lb are inventive examples 
and the compositions 4-6 are comparative examples. The 
compositions 10 to 18 have higher VI and lower low- 
temperature viscosity. The composition 4 shows lower VI. 
The X-2 in the composition 5 did not dissolve into the ba.se 
oil. The composition 6 show's higher VI, however extremely 
high low-iempcrature viscosity. 

LUBE OIL COMPOSITION 

Example 19-27, Comparative Example 7-9 

[0177] The procedure same as the Example 10 was 
repeated with the e.xception that the final lube oil composi- 
tion has a kinematic viscosity at KKf C. of 5.0s0.1 mm7s. 
TTrc lube oil aimposiiions (19-27) of the present invention 




US 2003/0036488 A1 



11 



Feb. 20. 2003 



2. The improver of dairo 1, wherein said polymer (A) 
contains units of said monomer (a), said monomer (h) or .said 
monomers (a) and (li) in an amount of at least 30% by 
weight, with or without 0-45% by weight of units of .said 

TAIll.L 5 



and the composition of the comparative example (7-9) were 
obtained. The VI. low-icmpcrature viscosity at -4t)° C. and 
.shear stability of the re.siihani com|x>sition arc given in table 




[0178] .Similar result as the series of the experiments of 
table 4 was obtained. 

What is claimed as new and desired to l>e secured by letters 
patent is: 

1. A viscosity index itnprovcr. which comprises a polymer 
(A) having a solubility parameter of S.6-9.4, a crystallizing 
initiation lemperanire of equal to or lc.ss than -15“ C.. and 
a sterie hindrance factor (F) of 0-13, said factor F being 
defined by the following equation: 

F^.\»Y („ 

wherein X and Y represent the total numbers of atoms at 
the 6th position and the 7th position, rc.spcctivcly, in the 
-side chains, counted from the backlx)nc; said polymer 
(A) having a weight-average molecular weigta of 
5,000-2,00(1.000 and comprising units of at least one 
monomer selected from the group consisting ot 

(a) a monomer reprc.scnted by the general formula: 



CH;=C — coo (AO), — R 



wherein R® is hydrogen atom or methyl group, R is a 
Ci..,oalkyl group, n is 0 or an integer of 1-20 giving 
0-10 on average. A is an alkylenc group containing 2-4 
carlx)n atoms, plural A's in ca.se of n being at least 2 are 
the same or different, and iltc polyoxyalkylene moiety 
(AO)„ in case of the plitral A’s being diOerent com- 
prises random-wise or block-wise <llstribuicd oxyalky- 
lene groups: 

(b) an alkwl alkenyl ether; 

(c) an alkenyl carboxylaic; and 

(d) a nitrogen-containing un.saiuraied monomer. 



monomer (c), 0-12%- by weight of units of said monomer (d) 
and {1-20% by weight of units of another monomer. 

3. The improver of claim 1, wherein said polymer (A) is 
a copolymer (Al), comprising units of at lea.st one monomer 
(al) rcprc.scnied by the general formula (2) wherein R is a 
branched alkyl group containing 16-40 carbon aiom.s. 

4. The improver of claim 3, wherein said copolymer (Al) 
comprises 5-90% by weight of units of said monomer (al) 
, and 10-6(1% by weight of units of an alkyl acrylate or 
methacrylate (a2) containing 1-4 carbon atoms in the alkyl 
group, with or without (1-8.5% by weight of units of at least 
one selected from the group consisting of an alkyl acrylate 
or methacrylate (a3) containing 6-1.5 carbon atoms in the 
alkyl group and a .straight-chain alkyl acrylate or methacry- 
late (a4) containing 16-18 carbon atoms in the alkyl group. 

5. The improver of claim 4, wherein said copolymer (Al ) 
further comprises 0.1-10% bv wcichi of units of .said mono- 
mer (d). 

6. The improver of claim 5. wherein said monomer (d) Is 
al least one .selected from the group consisting of dimcihy- 
laminocihyl acrylate, diethylaminoclhyl acrylate, morphoii- 
noethyl acrylate, and corresponding methacrylates. 

7. A viscosity index improver, which comprises a copoly- 
mer (All) having a weight-average molecular weight of 
5,000- 2.0(X),0(XJ, comprising 5-90% by weight of units of at 
least one monomer(all) and 5-95% by weight of units of at 
least one alkyl acrylate or methacrylate other than said 
monomer (all): said monomer (all) being capable of pro- 
viding a homopolymer having a crystallizing initiation tem- 
perature of equal to or less than .5‘ C. and reprc.scnted by the 
general formula: 



R" 

I 

CH-=C — COO — (AO), — R 
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wherein R° Ls hydrogen .iiom or tneihyl group, R i.s a 
branched alkyl group coniainlng 20-4(1 carbon atoms, n 
is 0 or an integer of 1-2(1 giving 0-10 on average, A is 
an alkylcne group containing 2-4 carlwn atoms, plural 
A’s in case of n being at Ica.st 2 .-ire the same or 
diiTerent, and the polyo.\yalkylcne moiety (AO)„ in 
ease of the plural A's being diOcreni comprises ran- 
dom-wise or block -wi.se distributed oxyalkylenc 

K. The improver of claim 7, wherein R is reprc-scnted by 
the general formula: 



(-M 

R- 

— cii;— at — R' 



wherein R' and R* arc the same or diticrcni straight-chain 
alkyl groups containing 8-18 carbon atoms. 

9. The improver of claim 7, wherein said copolymer 
(All) has a solubility parameter of 8.6-9.4, a crystallizing 
initiation temperature of equal to or le.ss than -15° C. and 
a steric hindrance factor H of (1-13, said factor being defined 
by the following equation: 

F-4X.fY (1) 

wherein X and Y represent the total numbers of atoms at 
the 6th position and the 7th ixisltion, respectively, in the 
side chains, counted from the backbone. 

10. The itnprover of claim 9, wherein said copolymer 
(All) has a steric hindrance factor F of 0-10. 

11. The improver of claim 7, wherein said copolymer 
(All) comprises .5-9091. by weight of unils of said monomer 
(all), and 10-60% by weight of units of an alkyl acrylate or 
methacrylate (a2) containing 1-4 carbon atoms in the alkyl 
group, with or svithoui 0-83% by weight of units of at least 
one selected from the group consisting of an alkyl acrylate 
or methacrylate (a3) containing 8-15 carbon atoms in the 
alkyl group, a branched alkyl acrylate or methacrylate (al2) 
containing 16-19 carbon atoms in the alkyl group, a straight- 
chain alkyl acrylate or methacrylate (a4) containing 16-18 
carbon atom.s in the alkyl group and a straight-chain alkyl 
acrylate or methacrylate (a5) containing 20-40 carbon atoms 
in the alkyl group. 

L2. The improver of claim 7, wherein said copolymer 
(All) comprises 10-45% by weight of unils of 2-decyl- 



ieir.idccyl mcihacryiaie, 20-45% by weight ol unils of 
methyl nicilfdcrylaie, and 10-6()%. by weight of units of a 
straight-chain alkyl acrylate or meihacrylaic coiiiaining 
10-18 carbon atoms in the alkyl group. 

13. The improver of claim 7, wherein said copolymer 
(All) further comprises 0.1 -10%- by weight of unils ol a 
nilrogcn-couiaining unsaiuraled monomer (d). 

14. The improver of claim 13, wherein s;iid monomer (d) 
Ls at Ic.asi one selected from the group consisting of K.N- 
dimethylaminoethyl acrylate, N.N-dielhylaminocihy i acry- 
late, morpholinocihyl acrylate, and corresponding methacry- 
lates. 

15. A vLscosiiy improver concentrate, which atmprisc.s 
10-90% by weighl of said improver of claim 1 and 10-90%. 
by weight of a diluent. 

16. A viscosity improver concentrate, which comprises 
10-90%. by weighl of said improver of claim 7, and 10-90%. 
by weight of a diluent. 

17. A lube oil composition, which comprises a major 
amount of a ba.se oil and 0_5-30%.by weight of said improver 
of claim 1. 

IS. ’nie composition of claim 17, wherein the ba.se oil has 
a kinematic viscosity of 1-15 mm'/s at 100° C. and a 
viscosity index of at le.isl 80. 

19. A lube oil composition, which comprises a major 
amount of a b.asc oil and (l_5-30% by weight of Said improver 
of claim 7. 

20. 'Ilic cont|X)sii!on of claim 19. wherein ihe base oil has 
a kincmaiic viscosity of 1-15 mmVs at 1(X)° C. and a 
viscosity index of at least 80 . 

21. A compound of 2-dccyl-iciradecyl methacrylate. 

22. A comiKiiind of 2-dccyl-ieiradecyl acrylate. 

23. A homopolymer having a weight-average molecular 
weighl of 5,(KH>-2.(KIO.(KIO. comprises units of a comixmncl 
selecting from the group consisting of the comiKiund o i 
claim 21 and Ihe compound of claim 22. 

24. A copolymer, having a weight-average molecular 
weight of 5.(K)0-2,(KI0. (KX), comprises 5-90%. by weight of 
unils of a compound selecting from the group consisting of 
the compound of claim 21 and the compound of claim 22, 
and 5-95%. by weight of units of at least one monomer 
selecting from the group consisting of: an alkyl methacrylate 
or an alkyl acrylate other than ihc compound of claim 21 or 
claim 22; an alkyl alkenyl ether; an alkenyl carboxylaic; and 
a nitrogen-containing unsaiuraled monomer. 



